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I have a great pleasure in writing a foreword for the compendium entitled “ Strategy for 
Development of Mineral based Industries in Odisha” containing relevant publications on the 
subject. The information duly compiled and edited by the authors is for internal circulation and 
will be of great benefits to the researchers, engineers, technocrats, planners, mine owners and 
executives involved in the development of mineral based industries in Odisha. 


OU 


Prof. Suddhasatwa Basu 

Director 

CSIR-Institute of Minerals and Materials Technology 
Bhubaneswar-751 013 

Odisha, India 
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The compilation of this book has been possible due to pioneering work undertaken by 
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organisations. 
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Strategy for Development of Mineral Based Industries in Odisha is about providing engineering 
leadership, bringing about technological change and ultimately contributing to the economic 
development of the state. This is the brain child of Dr. H.P. Mishra former Chairman, IPICOL, 
Bhubaneswar, Odisha. Now Dr. Mishra is at the flag-end of his career’s journey after retirement 
but still his zeal, interest and enthusiasm towards the profession know no boundaries. Dr. 
Mishra’s career with FCI, IDC, IDCOL, IPICOL and M/s M.N. Dastur is a testimony to his 
exemplary leadership and commitment to industrialization of Odisha. 


For last few decades after 1970 our state has promoted some vital mineral based industries 
specially in iron and steel, ferrous-alloys, alumina & aluminium industries. These industries are 
providing infrastructure for promoting industrialization, but the real industrialization will be 
measured how much of these basic metal is getting converted to technological products through 
mega, medium and small scale industries. 


In our present industrialization programme, for converting our mineral resources to basic metal 
like iron & steel, ferro alloy and alumina & aluminium etc. besides the mineral, water, power. 
human resource are used. 


The profit margin available in these if computed is marginal. However, the availability of these 
basic materials is essential to utilize our technological knowledge and human skill for high value 
technological product required nationally and internationally for various industries e.g. 
automobile, electronic and consumable products. 


For creating these, we have to plan out different projects in contrast to the existing one. In our 
steel corridor which encompasses basic metal producing units, industrial projects must be 
developed facilitating installation of medium and small scale industries besides mega one in 
which the basic metal can be processed for technological products of high value utilizing our 
infrastructure and technical manpower. 


This book provides a compilation of article that will serve as a useful reference to industries. 


institutions, students, libraries and to all other related and interested in the development of 
mineral based industries in Odisha. 
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Dr. S. C. JAMIR ଡି hi HA HMHAs AN 
Governor. Odisha FH BANESW ARTS tay, 


€) June 17, 2016 


| am glad to know that Dr. Ing. H.P. Mishra, ex-Chairman, 
IPICOL is bringing out a book titled ‘Sirategy for development of 
mineral base Industry’ shortly. 


Odisha is a state rich in minerals. The state's economic 
prosperity depends to a great extent on proper and effective 
utilisation of natural resources, particularly mineral resources. 
Minerals are vital raw materials for many basic industries and are 
major inputs in industrial development. This sector has huge potential 
for attracting large investments to create employment and raise 
resources. No wonder that the state is yet to attain its full potential 
when it comes to industrialisation. It is important to adopt right kind of 
strategy for development of mineral based industry. The endeavour of 
Dr. Misra who has a long experience and knowledge in this field in 
bringing out such a useful book is indeed laudable. 


| wish the endeavour ard publication all success. 


` (S.C. Jamir) 
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RAJ BHAVAN 
Bhubanes:#ar- 75008 


C. J. Venugopal, ias 
Principal Secretary to 
the Gove:nor. Odisha 


I a 
HN! ma ୀ 
ଏ MESSAGE 


June 09, 2016 


| am happy to know that Dr. Ing. H.P. Mishra, ex-Chairman, 
IPICOL is bringing out a book titled ‘Strategy for development of 
mineral based Industry’. 


Odisha has an abundance of good quality mineral deposits. 
The rich potential of minerals is always seen as a resource to achieve 
economic prosperity. The potential for growth in mining and mineral 
based industries in the state is immense. These industries constitute 
the bedrock of industrial development as they provide the basic raw 
materials for most of the industries. The state government has taken 
a number of positive steps to promote industrial development in 
Odisha formulating an investor and business friendly policy. The 
effort taken by Dr. Mishra to bring out a book from his long 
experience and outlook is surely commendable. | am sure the book 
will be enlightening and informative as well. 


| wish the publication al! success. 


» 
a 


(CJ: nugopal) 
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Industrialisation of Odisha 
and the Key Factor Leading 
to Economic Development 


7 


HP Mishra P R. Behero 


H.P. Mishra 
Former Chairman, !PICOL, Bhubaneswar, Odisha 
B. Bhoi, P.R. Behera 


CSIR-Institute of Minerals and Materials Technology, Bhubaneswar, Odisha 


This article emphasises on the necessity of creating medium and small scale industries 
manufacturing technological products in automobiles, electronic, various construction 
profiles and household appliances. This wil! provide value addition to India’s basic metals 
like iron & steel, Ferro-alloys, sponge, alumina, aluminium, etc. and further create job 
opportunities, especially for the nation’s skilled personnel, This is the key to India’s economic 


growth as in case of China. 


Introduction 


Currently, the industrialisation of Odisha is passing 
through a critical stage, To address the situation. this matter 
needs to be discussed thoroughly. In the past, the Government 
had taken up a number of mega projects such as. the Hydro 
Project at Hirakud, Rourkela Stee! Plant, Therma! Power 
Plant at Talcher. Fertiliser Plant at Talcher, Rare earth Plant 
at Gopalpur, etc. Some of the other major plants that came 
up at the end of the 20® century are. Alumina and Alumimum 
Plants under NALCO. Sponge Iron Plants or DRI units at 
Rourkela and Keonjhar. Ferro-alloys Plants in Koraput and 
various types of Steel Plants at Kalinganagar, etc. By making 
a proper utilisation of mineral resources, electricty, water, 
etc. these plants are able to produce many useful basic metals 
and related materials like steel. sponge iron, aluminium. 
Ferro-alloys, etc. 

To facilitate further growth of industries. the importance 
of production of these materials cannot be neglected. Based 
on this, many household items and other application oriented 
items arc being produced. To name some of the essential 
sectors like automobiles, electronic gadgets, infrastructure 
and construction. capital goods, railways, defence, white goods, 
etc. all ure being produced from these busic metals. 

If the application of these useful metals does not bloom 


in the right manner. India's. and 
Odisha’s. in particular, actual 
progress in the held of 
industrilisation will he hindered. 
In comparison to the amount of 
minerals. electricity, water, and 
man power employed to achieve 
industnal growth. the profitablity 
is marginal and it creates a 
diminishing job opportunity 
amidst the people of the state. As 
a matter of fact, the countries 
importing these materials from 
the nation are the actual profit: 
makers in this situation. Those 
countries utilise these metals in 
the form of raw materials for their 
small scale industries. 


Many foreign companies have 
shown their interests to produce 
application onented materials in 
their countries using the raw 
matenals of Odisha. Now. it is 
high time to pressurise the 
production firms of all these 
metals (raw materials) to expand 
their capacity and effurts to 
manufacture the end products 
mentioned shove. As u 
consequence. the state's raw matenals will be utilised for the 
best interest of its people, thereby producing many value 
added end products to meet their daily needs as well as 
creating job opportunities for the common people. Following 
this trend. industnialisation ef Odisha can actually be taken 
to a new height. 


China will be the fitting example in this regard, which 
has carved a niche for itself in utilising iron & steel, aluminium. 
etc. to produce various useful application based materals. As 
a result, it is counted among the most prosperous nations in 
the world at present. The time is now ripe to compel 
industrialists to tollow this path. They should be encournged 
in the right direction to establish industnes for the benefit 
of India and her people. The fact that muneral resources will 
face depletion sooner or later should be equally reckoned. 
Hence, it is required to be very watchful about their use. or 
the future generation might face the consequence of scarcitv 
and non-availability of the prime raw matenals. It may be 
noted that the mineral resources of India are non-renewable 
and must be used and preserved for the future generation. 
World's Crue (tcel fF reowct on 

The global output of ¢rude steel production for the 39 
countries reporting to the World Steel Association (world 
steel) was 1545 MT for the year 2012, up by 1 2", as compared 
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to 2011. Figure 1 represents a comparative scenario of annual Steel Authority is estimating to increase the production of 
steel production in the world from 2005 to 2012. with indices steel up to 300 MT in 2025. The trend of steel production is 


as ‘world’. rest of the world’ and ‘China’. Share of world's 


2005 2006 2007 2008 2009 2010 201! 2012 


N 


Share in % (201 
Fig 1 Comporatret senarc ¢ onnyG! stent production in the word from 2005 
152012 and shee in percentoge 0, dferen! counines 

steel productiun during 2011 and 2012 has also been 
represented in figure }. It is observed that China is a major 
plaver in steel production in the world contributing around 
46°. followed by Japan. U.S., India and others. 

Crude Steel Production in indo 


The top 10 steel producing countries in 2012 have been 
shown in table 1. China. the leading steel producing country 
in the world. produced 716.5 MT of steel which was 3.1% 
more than the production in 2011. India, following Japan and 
the United States, was in the 4*® rank producing 76.7 Mt in 
2012, which was 4.3% more than its production in 2011. The 


Rerk | Country | 2012 (M0 | 2071(M0 2012720110) 
| ନତ 


| 767 | ୨36 | 
| _ Germany | 427 1 443 | 
| Tukey ¦ 3୨୨ | ୨୫ 
| Ba । 347 ୮ 352 । 
| Ukraine [ 329 [ 353 ] 


Crude Stne! Production Share In MT 007-11} 


Total Finished Stee! 
{alloy + non allo 


continuously increasing every year as the demand of steel in 
developing countries is going up. The projected production 
trend of crude steel till financial year 2017 in India has been 
shown in figure 2. The leading steelmakers in India and their 
production share have also been shown in figure 3. 


Crude Stee! Production vs. Capacity (MT) 
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fig 2: india's crude steel production trend ond projection - FY 2007 
totY 207 
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indian steel industry: imports {in million tonnes} 


The per capita consumption of steel in India is very Jow 


as compared to China. It is approximately 10 times less than 
that of China. 


Steel imports 


Iron & steel are freely importable as per the extant policy. 


The import of total finished steel (alloy + non alloy) in the 
last five years has been given above in table 3. The previous 
trends and future estimates (nearly 4 million tonnes in the 
upcoming financial year 2016-17), pertinent to steel imports, 
have also been indicated in figure 4. 


Stee! Exports 


As per the Indian law policy, iron & steel are freely 
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fig.4: Steel imports in india: p post trends o ond future estimates: 2007-08 to 
2017 


indian steel industry: Exports (in miflion tonnes} 
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« Steel Export 
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Fig 5: Steel exports from india’ post trends and future estimutes: 2007-08 to 
2017 


exportable. The export of total finished steel (alloy + non 
alloy) during the last five years has been given in 

table 4. The steel export trend has also been demonstrated 
in the form of past trends and future estimates (6 million 
tonnes in upcoming financial year 2016-17) in figure 5. 


The Production of Ferro-alloys in India 


As per Indian Ferro-alloys Producers Association (IFAPA). 
at present, the total installed capacity of bulk Ferro- 
alloys industry in India is 5.10 million tonnes per annum and 
noble Ferro-alloys is 50.000 tonnes per annum. The industry 
is reported to be working at about 60-65% capacity utilisation. 
The capacity of Ferro-alloys in India is given in table 5. The 
production of various Ferro-alloys, as reported by IFAPA, is 
given in figures 6 to 9. Figure 6 shows the production of high 
carbon Ferro-alloys during 2008-09 to 2011-12. The production 
of low carbon Ferro-alloys and noble Ferro-alloys has heen 
shown in figures 7. 8 & 9 respectively. 


Ferro-allo 
(a) Bulk Ferro-alloys 
Manganese alloys 


1} _Chrome allo 

{iil} Ferro-silicon 

({b) Nobel Ferro-allo 
Total 


2010-11 


reer enna ame em remit ti intr rs eer mt 


fig. §: Production of of hight: carbon er CNG during 2008-99 to 20! 1-12 
{Tonnes} 
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Fig.8 Production ef Noble Ferro-ailoys during 2008-09 to 2011 2 
{ Tonnes? 


Production of Afuminium in india 


India. with its abundant supply of quality bauxite and 
low cost labour has established itself as a low cost producer 
of primary aluminium. Globa! primary aluminium production 
in 2012 was 45.2 million tonnes, with China accounting for 
an astounding 19.8 million tonnes or 44%. However, in fndia, 
the production of primary aluminium has stagnated around 
the 1.6 to 1.7 million tonne mark for the last three years 
which has been indicated in figure 10. The three primary 
aluminium producers, viz. Hindalco, Vedanta and Nalco have 
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FiG 9: Production of Noble Ferro-afloys during 2008-09 to 201 i-12 {Tonnes} 


expansion plans as well as Greenfield projects that are expected 
to take the production to 2.5 to 3.0 million tonnes in the 
foreseeable future. 


— Pprimaryaluml aluminium productton fn India 4 
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Fig. 10 Aluminium production trend tn India 


Import and export of primary aluminium in India have 
increased over the vears and kept pace with each other, 
making the sector increasingly globalised. The trends for both 
imports and exports in the last five years have been tlustrated 
in table 6. 


india: Primary aluminium impont & export {000 tonnes) 
2008 2009 2୦01୧ 2011 


241 228 243 
285 266 270 


2012 


Export 234 
Source. Mmistry of Commerce and Industry 


Recycled (secondary) aluminium production has surged 
in India. driven strongly by the demand for castings from the 
automotive sector. As the generation of aluminium scrap is 
limited within the country, scrap imports have grown 
significantly. However, the recent imposition of 2.5% customs 
duty on aluminium scrap import will act as a damper and 
some slow-down in the recycled aluminium sector can be 
foreseen. 

Production of DRi in india 


India has become the leading producer of DRI over the 
past decade due to production, in a large number, of small 


coal-based rotary kilns; however, the need for better quality 
DRI is driving shaft furnace alternatives such as, MXCOL* 
and Corex/Midrex. With smaller amounts of natural gas 
anticipated for industry use, coal-based technology options 
are currently being pursued by a few India steclmakers. Jindal 
Steel and Power Ltd. is currently building a 1.8 MXCOL plant 
in Angul, Odisha in India to produce syngas for use in a 
Midrex DRI shaft furnace. Also, a 1.2 Corex plant will supply 
a Midrex plant with gas at Vijayanagar, Toranagallu, and 
Karnataka state in India by Jindal South West (JSW) Projects 
Ltd. 


India produced 22 Mt DRI in 2011. a drop of 1.45 Mt(7%) 
from 2010, but the country still remains the world's largest 
producer by a wide margin. As per the data provided by the 
World Steel Association. India remains the highest producer 
of DRI 2012 with 1550 thousand tonnes till October 2012 
compared to other 13 countries in the world. The production 
figures bave been cited in table 7. 


Countries ee Te oh ee 0 


Future Outlook 


The call of the hour is to encourage other user industries 
in India to come forward and take the responsibility of 
production of day to day household products, using the 
country's basic metals. This will not only bridge the gap 
between export and import of basic metals like iron & steel, 
aluminium,etc. but also make the nation self-dependent. The 
manufacturing industries must realise this fact that it is the 
nation’s own resource which is being smartly purchased by 
other countries and India ends up buying the end-products 
made from the same resource at higher prices from them. To 
address this situation, steps to create jobs for India’s skilled 
personnel should be taken immediately. It may be realised 
along with the expansion of the country’s engineering 
institutions that, India has got the largest number of the 
skilled personne! coming out from these institutions and their 
placement is undergoing a deep national crisis. Creation of 
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the medium and smal! industries is the basic need of the hour 
to address this problem. Further, value added basic metal 
end products will enrich India’s national wealth, and after 
use for some years, these can be recycled using the latest 
technology for producing mineral resources. It is high time 
to generate national consciousness on this matter, at the 
Govrnment and public levels. 


Conclusion 


For the past two decades, India has seen a tremendous 
rise in production of the basic metals. But surprisingly, this 
has helped in improving the industrialisation of other countries. 
The way the nation has adopted to employ its work power 
and sincerity, it works in favour of other countries. Now. it 
is the right time to alter this approach. or poverty will invade 
the country for centuries. It is only the growth of manufacturing 
industries, based on India’s public raw materials, that can 
take care of the development of the states and the entire 
country as well. 
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Green Technology Challenges in 
Chemical and Metallurgical Industries 


T. Laxmi, Snigdha Priyodarshini, B. Bhoi and *11. P. Mishra 
CSIR-Institute of Minerals and Materials Technology 
Bhubaneswar. Odisha. India 

*Er-Choinnan, IPICOL, Bhubaneswar. Odisha, India 


Paying heed to environmental issues Is gaining immense importance for a sustainable planet. Poltution of air, water and land, for the most 
part, Is caused by different industries. Chemical industries are one of the main sources for creating water, land and air pollution. It has been 
estimated that pollution caused by chemica! industries accounts for about 8 to 1036 out of the total poflution. Moreover, with an increase 
in population, the product requirement also boosts up parallelly in many folds and so, production from chemical as well as metallurgical 
industries cannot be trimmed down. Nevertheless, a technology can always be developed by which pollution from chemical and metatlurgical 
industries can be reduced or eliminated up to a certain extent. In this paper, efforts have been made to decrease major sources of pollution 
to tune our environmental processes used in chemical and metatlurgical industries. 


Introduction 


Today’s world is faced with a host of serious environmental 
problems and industrial wastes are one of the top causes of 
pollution. Scientific research has also found out that industrial 
wastes are the main sources for creating different types of 
pollution such as. water, air and land pollution. Commercial or 
industrial wastes account for a significant portion of solid 
wastes. Much of it. however. 1s classified as non-hazardous 
such as, construction materials (wood, concrete, bricks, glass, 
ctc.) and medical wastes (bandages, surgical gloves, surgical 
instruments, discarded ncedlcs, etc.). Hazardous waste, on the 
other hand, is any liquid, solid or sludge waste that contains 
properties that are potentially harmful for human health or the 
environment. Industries generate hazardous wastes from mining. 
petroleum refining, pesticide manufacturing and other chemical 
production. Households generate hazardous wastes as well, 
including paints and solvents. motor oil. fluorescent lights, 
aerosol cans, and ammunition. 

This paper discusses about the major pollutions created in 
chemical and metallurgical industries and factors controlling 
them. 


Major Causes of Pollution 


Chemical Industry 


The various ways through which chemical pollution is 
caused and their adverse effects have been discussed below: 


From Industrial Wastes 


When industrial wastes containing poisonous chemicals 
are dumped carelessly, they contaminate vegetation, surface 
water as well as ground water supply. Some of the industrial 


pollutants that have been put into our natural waters or buried 
in the ground on large scale are acids, bases. salts, metal solutions, 
oil greases. dyes, waste solvents. and poisonous elements such 
as, cyanides, mercury and variety of other chemicals. 


Accidents in Chemical! Factories 


Sometimes chemical pollution is caused by the accidental 
release of some toxic chemicals in the factory. For example, an 
accident took place in the Union Carbide Plant at Bhopal in 
December 1984. In this incident. highly toxic Methy! Isocyanate 
(MIC) gas leaked from the plant resulting in the death of 
thousands of people and animals in the surrounding localities. 


Excessive Use of Fertilizers 


The excessive use of chemical fertilizers to boost production 
also leads to contamination of various water bodies. Conta- 
mination of water with tentilizers leads to much undesirable 
effects such as, eutrophication. This is due to the reason that 
phosphate and nitrate encourage the growth of algae, which 
deplete the water body of its oxygen content. 

Use of Pesticides 

Pesticides are chemicals which are toxic in nature and get 
progressively concentrated in the food chain. These chemicals 
can cause long-term damage to the health of human beings. 
Pesticides also enter our bodies directly if the food articles, to 
which these chemicals are sticking, are not thoroughly washed 
before consuming. 


Leases of Gaseous Poflutents in Air 


Many industnes release large number of pollutants in the 
atmosphere. These pollutants are responsible for vanety of 
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diseases. Persons exposed to carbon monoxide (CO), carbon 
dioxide (CO3). sulphur dioxide ($SO2). hydrocarbons and 
paniculate matter suffer from headache, dizziness, irritation of 
the eyes and nose. allergies. chest pain and muny respiratory 
disorders. 


Pollution Caused by Dust 


Certain industries give rise to considerable amounts of 
dust. Workers exposed to various types of injurious dusts suffer 
from a number of nilments. Pneumocaniosis, for example, is 
cuused by inhalation of coul dust. Workers in coal mines suffer 
from this disease. Again. Silicosis is caused by stone (silica) 
dust. Workers in stone quames or those engaged in the cutting 
and grinding of stone are mostly seen to suffer from this disease. 
Asbestosis is another such disease caused by asbestos dust 
while Siderosis is caused by iron dust. The persons exposed to 
smoke and other gaseous pollutants are also more prone to lung 
disorders und infections. 


Mining and Metallurgical Industry 


The mining und metallurgical industries were known to 
be sources of toxic materials since ancient times. Processing 
of minerals and producuon of inetals have increased greatly in 
recent years. As a result. the quantities of waste muterial and 
pollutants have also risen. The general problems in the mineral 
and metal industries are shown in Fig. 1. It clearly shows the 
main emissions and sources of pollution in the mineral processing 
industry. Different sources of mining and metallurgical pollutions 
are described in the following section. 


Fig. |: Exssions and waste disposal problems in the mineral industry 


Mining 

Poflution in mining is mainly due to the waste rock that 
is brought to the surface from underground and the overburden 
removed from open pits. As the solids accumulate, a dump 
covering muny acres is formed (Fig. 2). Explosives used in 
mining produce nitrogen monoxide (NO) and nitrogen dioxide 
{NO)) gases, usually denoted as NO,. which contribute to the 


problem of acid rain. Mining radiouctive ores is especially 
hazardous because of the liberation of radioactive gases during 
shattering the rocks. Excessive ventilation is necessary in 
underground mining. Minc water contains residual ammonium 
jun from the explosives used. which may be reduced by micro- 
organisins to ammonia (NH) that are toxic to aquatic animals. 


Pic. 1: Waste rock accumulating from a mining operation 


Mineral beneficiation 


Ores supplied by the mines are usually beneficiated to 
remove, as much as possible, the undesired components known 
as gangue minerals. This operation is essential to decrease the 
cost of transportation and increase the value of the concentrate 
obtained. The minerals must first be liberated from the rock by 
crushing and grinding, and then subjected to a separation 
process making use of differences in a physical or a physico- 
chemical property. The waste from this operation is known as 
tailings. 


Pic. 2: A view of a typical tailings pond 
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Extractive metallurgy 


The major pollution problems in metallurgical plants arise 
in iron and stcclmaking, aluminium industry. in the treatment 
of non-ferrous sulphidc ores. in some hydrometallurgical 
proccsses, in the treatment of ores containing radioactive 
elements. in the preparation of certain industrial minerals, and 
in the clectoplating industry. Table 1 clearly pasteuriscs the 
pollution problems in metallurgical industry. In metallurgical 
plants, a variety of metals, aqueous solutions, gases, dust. 
molten slags, etc. are produced. Therefore, a knowledge of the 
hazard involved and the threshold limit is essential. 


Table 1: Poltotion proktems lo Ube metallorpical todustry 
Todustry | Problems 
[ron and stee)mahing Gases in coke production, 4lags, blast 
furnace, cyanides, electric furnace dust, 
pickle solution 
Ferroalloys prodoction | Arsine und phosphine, shes dust © 
Aluminium industry Mercury. red mud. Muonne compounds, 
toxic organic compaurds, «© yanides 
SO. mercury, selenium, arsenic 


Sulphide ores: copper, Icad, 
zinc, and nickel 
Hydromeinllurgica) processes: | Arsine, phosphine, cyanides 

gold, silver, copper, and vine 

Radroacts ¢ ores: urymum Radon gas tradioactse) 

and tharium 


Industrial minerals: coal. Sulphur. ash, trace metals, oiovgen oxides, 


phosphate rock, ilmenite, phosphogypsum. waste acid, toxicity of 
asbestos fihres, tastings 

Ele Clmplgting mafuiiry Chrontiom. copper 
Pyrometallurgy 


Pyrometallurgical processing of ores produces dust, slag, 
and gases. Dust emission may represent a considerable cost to 
the plant itself, becuuse of the loss of particles which are 
sometimes valuable. The problem of dust has been practically 
solved by introducing dust-catching equipments such as. 
cyclones, scrubbers, and electrostatic precipitators. Slags arc 
produced in large amounts out of which, only o Iraclion is used 
in road construction and in the manufacture of cement. Picture 
3 shows a pyrometallurgical plant showing a huge pile. 


Pic. 3: Typical view of a pyromelallurgical plant showing a huge slag pile 


Hydrometallurgy 


Treatment of orcs by wet methods produces residues and 
waste solutions. While slags are relatively stable in outside 
storage, residues filtered off aqueous solutions are not, because 
they usually contain soluble ingredients. Hence. disposal in 
ponds may be hazardous because of the danger of contaminating 
surface waters unless they are properly constructed. Also. liquid 
effluents containing toxic reagents must be treated before being 
discharged in streams. 


Electrometallurgy 


The most important electrometallurgical operation is in 
the aluminium industry which emits gases and dust and 1s 
presently undergoing intensive improvement. Copper electro- 
refining and zinc electro-winning also have pollution problems. 
but these are manageable. 


Controlling Factors 


Chemical Industry 


Chemical industries producing basic bulk chemicals have 
strong impact on environment. Now a days. novel and efficient 
technologies and processes have developed. which save raw 
materials and energy. as well as those iovolving by-product 
use and recycling are beneficial for both processes efficiency 
and environment protection by reduction of emissions in air, 
water, and soil. This approach is known as the environmentally 
sustainable industrial development (ESID). leading to reduction 
of consumption of natural resources and to lessen damage to 
the environment during raw material extraction. ESID also 
leads to lower energy demands and consequent indirect decrease 
in fuel consumption and environment pollution. reduction of 
emissions in all of the components of the environment and 
therefore, to the reduction of waste treatment costs. The pollution 
control techniques for qaditional manufacturing processes such 
as, production of sulphuric acid, mtrate-based fertilizers, soda 
and caustics, dyes and dye intermediates, pesticide industry as 
well as bulk drug manulacturing Industry are dixcussed below. 


Sulphuric Acid Plant 


The reduction of SO; content in the exhaust gases could 
be improved by adding an intermediate cooling. Mim is formed 
by small droplets of sutphunc acid tn the guses leaving the 
absorbers. The mist may be formed duce to the provenee of water 
vapour in the feeding air, This source of humidity could be 
neutralised by washing the inlet air with concentrated sulphunc 
acid. When the acid is not concentrated enough. additional nist 
formation could take place. Mist formation is usual also. when 
the sulphuric acid plant is set on run. Reduction of these 
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emissions could be attained by washing with water or ammonium 
hydroxide (NH4OH) in a scrubber. The produced ammonium 
sulphate (NH4}25O4 is a by-product, which could partially 
cover the costs of the emission control. However, the most 
exploited equipment for min removal is the Brinck’s demister, 
containing fabrics of glass fibers. The main source of solid 
waste in sulphuric acid production is the spent catalyst, 
containing vanadia. The first layer of the catalyst 1s mostly 
<ubjected to destruction and contamination with dust. The 
regular cleaning and replacement of the spent catalyst is 
considered to be sufficient for the maintenance of stable 
operations. The spent catalyst and its dust are collected and 
shipped for extraction of vanadia and recycling. Scrubbing of 
the non-reacted SO> is usually accomplished by water and 
ammonia solution The obtained ammonium sulphate as a by- 
product. could partially cover the costs for the pollution control. 


Nitrates-containing Ferthizers 


Nitrates-containing fertilizers were the most frequently 
used ones in the past. Mainly. they are potassium, sodium and 
ammonium salts of nitric acid. 


The source of pollution is NO2>, resulting from partial 
oxidation of atmospheric nitrogen at combustion of reforming 
fuel. as it happens at the combustion of any fuel. Additional 
part of NO> is obtained from partial oxidation of the produced 
ammonia. This problem can be minimised, when the reforming 
process is optimised. i.e. to reduce the excess of the air and to 
improve the process control. Release of produced ammonia is 
possible to0. Measures for restriction of this process are taken, 
comisting in removal of these products from the exhaust gases, 
better feeding and compressing of ammonia. as well as an 
improved control on evaporation in the reservoirs. Realistic 
amounts of released ammonia are 1 - 1.5 kg/tonne. 

The main water pollutants, resulting from ammonia 
production arv the heated water efMuents and diluted ammonia- 
containing waters. Organic compound could also be present. 
The latter is a result of condensation. The solution of these 
problems is in the secondary use of the heated effluents for 
heat UNESCO - EOLSS utilisation. Ammonia could be stripped 
by steam. or used directly as fertilizer. 

The release of the waste gases from fertilizer plant is used 
to move a turbine for energy utilisation. Hence, about 40% of 
the cnergy demands {or air compression. 


Soda and Caustic Industry 


There are 40 units manufacturing caustic soda in India 
with an installed capacity of 2.27 million tonnes per annum. 
Actual production in the year 1998 had been about 1.49 million 
tonnes. 34% of the capacity is based on the mercury cell process, 
and 66% oun the membrane process. The major environmental 


problems posed by this industrial sector is from the mercury 
cell process and although this metal is not supposed to get 
consumed as per the chemistry of the production, it gets 
entrapped into the circulating brine solution and all the product 
and by-product streams. This leads to contamination of the 
water and wastewater. air, and solid wastes generated from 
the production activities. Also. since the quantity of mercury 
involved in the production is very large, its leakage, spillage 
and even evaporation of the spilled mercury are observed to 
be very common and require proper and timely attention. 
Therefore. the commissioning/expansion of caustic soda unils 
based on mercury cell process. has already been banned by the 
Government and the existing mercury cell based plants are also 
in the process of switching over to the membrane process. 
However. there is no mandatory target existing for this con- 
version and the mercury cell based units need to take proper 
attention for their mercury bearing wastes including the disposal 
of the brine sludge. 


Dyes and Dye Intermediates 


Dyes and Dye Intermediates industry is an important sector 
of the Indian Chemical Industry. The pollution that accompanies 
this industry in its nature and extents is particularly because of 
the non-biodegradable nature of the dyes as well as due to the 
presence of acid/alkali/toxic trace metalw/carcinogenic aromatic 
amines in the effluents. In addition to effluent, gaseous emissions 
such as. SO2, NOx, NH3 & HCL and solid wastes in the form 
of iron sludge. gypsum and sludge from treatment facilities are 
generated. Possibilities for adaptation of cleaner process opts 
for reducing the water consumption and effluent generation; 
better management practices for segregation and reuse/recycle 
of the treated effluent; effective utilisation of raw materials: 
improvement in efficiency of process; and recovery of by- 
products. The effluent generated from manufacturing of some 
of the dyes and intermediates such as, H-acid is not bio- 
degradable, which requires process change. Properly designed 
scrubber with recovery reuse of scrubbed liquid is required. 


Pesticides Industries 


Pesticides manufacturing involves various toxic chemicals 
as raw materials and 2 number of unit operations, to get required 
technical grade product. In 2 unit process, due to impurities in 
raw malerials, varialions in operational parameters of the reactor 
vessels and thermodynamic limitations, 100% conversion of 
raw materials into products is impracticable. Hence, excess 
chemicals arc fed into the reactor to get the required efficiency 
and quantity of final product The unconverted reactants from 
cach unit process generate wastes in the form of effluents. 
emissions and solids. Hence, some of the controlling factors 
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arc - highly organic streams (toxic effluents) which cannot be 
treated biologically are to be chemically treated or incinerated, 
depending on calorific valuc, process optimisation/automation 
to avoid discarded products and to reduce pollutants generation. 
stack gas scrubbing and/or carbon adsotption (for toxic organics) 
and baghouses (for particulate removal) - all are applicable and 
effective technologies for minimising the release of significant 
pollutants to air combustion devices (incinerator) should be 
used to destroy toxic organics. 


Bulk Drug Manufacturing Industry 


Environmentat pollution control in buik-drug manu- 
facturing industry requires high skilled manpower due to its 
nature of pollutants. In general, it has been observed that the 
final product's purity is of major concem to the industry. Thus. 
the rejects (unreacted/converted portion of raw materials) 
contribute to the major pollution toad from the industry. $0, 
salt recovery from high TDS or total dissolved solids (inorganic) 
containing streams through forced evaporation system is 
required. Some other controlling factors are, properly designed 
chlorine storage facility with automatic contro! equipment. 
collection of fugitive emissions from the processing sections 
and louding/unloading sections through hoods and ducts and 
providing control equipment such as, absorption/adsorption 
systems, multi-cycloncs or bag filters for control of emissions 
from boilers, continuous monitoring equipmentsensors to be 
provided. etc. 


Mining and Metallurgical Industry 
Mining 


There are a number of ways to reduce the environmental 
impacts of mining. Some of them are: 


Reducing the consumption of minerals 


One way to limit the impact of mining on the environment 
is to consume less, so that fewer minerals are needed to build 
products like cars, appliances, clectronics, etc. This can be 
accomplished through more cfficient resource use, and also by 
simply using less and recycling more. 


The efficiency of manufacturing processes can be 
increased to reduce the amount of new minerals required 


Nations and businesses are discovering ways to use 
materials more intelligently to provide the goods and services 
people wunt, using much less wood, mectat, stone. plastic, and 
other matcrials. By reducing wasteful use, and by steering 
production toward durable goods that are casy to reuse. 
remanufucture, or recycle, a few pioneering firms are recasting 
the role of matenals in our lives. Some businesses have even 


shifted out of manufacturing and become purveyors of services. 
dramatically fowering levels of materials use. This creative 
trend stems from recognition of the environmental costs of 
excessive materials use. 


Substitution of other materlals and processes with more 
environmentally friendly materials and processes 


For example, plastics might be used instead of meta! to 
build appliances. Or biomass can be used instead of uranium 
to produce energy. 


Using recycled materials Instead of mined materials 


Recycling has a number of advantages. For example. it 
takes far less encrgy to recycle discarded materials than to 
extract. process, and refine metals from ore. It takes 95% tess 
energy to produce aluminium from recycled materials rather 
than from bauxite ore. Recycling copper requires seven times 
less energy than processing orc; recycled stcel uses three-and- 
a-half times Icss. 


Improving environmental performance at mines 


Mining moves enormous quantities of earth: altogether, 
it strips more of the earth's surface each year than natural 
crosion by rivers does. Very little of this material is actually 
uxed, for example, on an average, some 220 tonnes of earth 
are cxcavated to produce just a tonne of copper. Mining also 
uses large amounts of chemicals in processing and results in 
significant emissions to air and water. By systemalically 
examining environmental impacts and adopting measures to 
mitigate these impacts. it is possible to make mining less 
destructive to the environment. 


Legislation and regulations to reduce environmental 
impact can be enacted and enforced 


Governments can require mines to adopt increasingly 
effective environmental procedures and invoke penalties for 
failure to comply. 


Cleaning up abandoned mine sites 


Companics and goveruments can be held accountable for 
abandoned sites and be required to euty out an environmental 
cleanup. 


Economic measures 


Tax shifting cun be introduced to provide incentives for 
pructices like product substitution und disincentives tor poor 
environmental pertormance. 


Metallurgica! Industry 


{ _ Ermissions of imtant and commosive gases like SOs. hydrogen 
sulphide (H2S) and hydrogen chlonde (HCL) may contribute 


A 13 


Digitized by srujanika@gmail.com 


Strategy for Development of Mineral Based Industries in Odisha 


to air pollution and cause corrosion of metals and concrete 
within the plant and in the surrounding environment. The 
tolerance of vegetation to SO; varies. depending on the 
type of forest and soil. In generat, evergreen trees tolerate 
{ower concentrations of SO; than deciduous ones. Particulate 
emissions may contain non-specific particulates, fluorides, 
lead. arsenic. cadmium and many other toxic metals. 
Wastewater cffluent may contain a variety of toxic metals, 
sulphuric avid and other impurities. Solid wastes can be 
contaminated with arsenic. lead. iron sulphides. silica and 
other pollutants 

Smelter management should include evaluation and contro! 
of emissions from the plant. This is a specialised work 
which should be camed out only by the personnel thoroughly 
familiar with the chemical properties und toxicities of the 
materials discharged from the plant processes. The physical 
state of the material. the temperature at which it leaves the 
process, other materials in the gas stream. and other factors 
- alf must be considered when planning measures to control 
air pollution. It is also desirable to maintain 3 weather 
station. to keep metevrological records and to be prepared 
to reduce output when weather conditions are unfavourable 
for dispersal of stack effluents. Field trips are necessary to 
observe the effect of air pollution on residential and farming 
areas. 

SO. one of the major contaminants, is recovered as 
sulphunc acid when present in sufficient quantity. Otherwise. 
to meet emission standards, SOs and other hazardous 
gssecous wastes are controlled by scrubbing. Particulate 
emissions are commonly controlled by fabric filters and 
clectrostatic precipitaturs. 

Large amounts of water are used in flotation processes such 
as. copper concentration. Most of this water is recycled 
back into the process. Tailings from the flolation process 
are pumped as slurry into sedimentation ponds. Water is 
recycled in the process. Metal-containing process water 
and rainwater are cleaned in water-treatment plants before 
discharging or recycling. 

Solid-phase wastes include slags from smelting, blowdown 
slurries from SO» conversion to sblphuric acid and sludges 
from surface impoundments (e.g.. sedimentation ponds). 
Some slags can be reconcentrated and retumed to smelters 
for reprocessing or recovery of other metals present. Many 
of these solid-phase wastes are hazardous wastes that must 
be stored uccording to environmentat regulations. 


Some important cxamples arc given in the next column: 


Steel Industry 


India is in the race to increase the annual steel production 
in the country and thercby increasing the per capita consumption. 
Goverment of India has plans to augment the total production 
capacity of stecl in the country taking it to 300 MT by the year 
2025. Now. India is producing around 76.6 MT per annum of 
steel associated with emission of CO; to the extent of 230 MT. 
This level of COs emission has reached an alarming stage 
which has taken away the sleep of many scientific communities 
who are constantly in search of better technological opportunity. 
But the sad story is that production of steel is inherently 
associated with emission of CO) as carbon is used as n reductant 
in the existing conventional process. For inclusive growth and 
environmental sustainability, researchers are on the lookout for 
u novel reductant which can reduce iron oxide (Fe203) to 
produce steel] with zero or near zero emission of CO). 


CSIR-Institute of Minerals und Matcrials Technology. 
Bhubaneswar. Odishaz. India has developed a state-of-the-art 
technology to produce steel with no emission of COs which is 
called “Green Steel” by hydrogen plasma smelting route and 
this has been patented already. Moreover, water is produced as 
a by-product which can be recycled during the production of 
steel in tonne scale. It is possible to produce iron of 99.54% 
purity by this process with no emission of COs. 


Chromite Over Burden (COB) 


The overburden of chromite mines and nickel (Ni) laterite 
is the only source of nickel available in the Sukinda valley of 
Odisha. The waste overburden is produced in large quantity to 
the extent of {0 million tonnes per year during the mining of 
chromite orc. This overburden generates huge volumes of 
seepage water and sevcrely contaminates the nearby water 
bodies by siluation and leaching of Cr (IV). Overburden generated 
is in fine form waste and causes air pollution and ecological 
imbalances. This overburden has nickel content that ranges 
from 0.5%-0.9%. This ore has not been commercially exploited 
due to low percentage of nickel and found that chromite 
overburden is unsuitable for Fe-Ni making because of very 
high Fe/Ni ratio and efforts are made to extract valuable Ni, 
Fe in the form of Fe-Ni. Nickel is found predominantly in two 
types of ore bodies - sulphides and laterites. Sulphide ores 
occur as laycrs and lenses of ultramatic rocks while laterite 
ores occur due to the weathering of ultramatic rocks. COB ore 
of Sukinda valley comes under the second category. The primary 
mineral phases in the COB ore are quartz, gocthite and limonite 
in association with other minor phases like magnetite, hematite, 
chromite, etc. The nickel contained in lateritic nickel ores does 
not occur in an identifiable mineral. It is generally accepted 
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that these ores are not amenable to bencficiation. For this 
reason, such ores arc cither directly smelted or icached to extract 
the nicke]. So. in the present work an attempt has been made 
to enhance the nickel content in pyrometallurgy route i.e. 
reduction rousting by pan sintering. followed by magnetic 
separation and plasma smelting. In COB sample, Ni content is 
very tow i.c. 0.65%-0.75% where as Fe is 50.27%. It ix found 
that Ni content is enriched from 0.7% to 1.32% by reduction 
roasting and further enriched to 1.45% Ni by magnetic 
separation. The magnetic fraction can be used as raw matcrial 
for high grade Fe-Ni production. 

The enriched COB is smelted in 30kw extended thermal 
reactor to form immiscible layers of sing and metal by varying 
basicity, time and using appropriate reductant. The obtained 
ferro-nickel alloy contains 8% to 10 % Ni. The remaining iron 
and other neta! values including chromium and nickel present 
in slag. are removed in the form of alloyed pig iron by plasma 
smelting process and the slag can be utilised as a raw material 
in cement making. The noveliy of the present investigation on 
the chromite overburden, is a process technology involving 
pan sintering. magnetic separation followed by two stage plasma 
smelting processes for oblaining three products: (i) Fe-Ni alloy 
contains 8 to 10% nickel, (ii) alloyed pig iron for steel industry 
und (ii) slug for cement industries. Thus, the present technology 
can be said to be “Zero Waste” which developed an environ- 
mental process for the treatment of waste to recover the metal 
values for the steel industry. 


Conclusion 


The challenge for technological innovation to control 
pollution in chemical and metallurgical industry is of prime 
importance in the field of industnialisation all over the world. 
The huinan life is precious and material prosperity should not 
create problem for its growth and sustenance. In our opinion. 
industry in close collaborations with the research organisation 
should streamline research programme to face this challenge. 
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Development of Mineral Based 
Industries in Odisha 


Dr H.P Mithra 
Former Chairman. 1PICOL. Bhabanecowar 


For the last four decades, It has been my pleasure to have 
been intimately connected with the development of industries 
in Odisha. As Odisha has got vast natural resources, the process 
of iIndustrialisation mainly centres In developing vital industries 
on its mineral wealth. In our State, 3,300 million tonnes of iron 
ore, 43 million tonnes of manganese ore, 100 million tonnes of 
chromite ore, 65 million tonnes of nickel ore, 2,000 million 
tonnes of bauxite, 2 million tonnes of vanadium ore, 30,000 
million tonnes of coal, 700 million tonnes of limestone, 360 
million tonnes of dolomite, 50 million tonnes of mineral sand, 
35 miltlon tonnes of china clay and 62 million tonnes of fire 
clay are available. 


In order to accelerate the industrial growth of the State, 
Industrial Promotion and Investment Corporation of Orissa 
Limited (IPICOL) was created for promotion of medium and 
large scale industries. The Corporation came into existence in 
1973. After its inception, the State has witnessed rapid growth 
of industries in the medium and large scale sectors. During 
span of 16 years of its existence, it could catalyse about 182 
medium and large scale industries In various parts of the State. 
The major industries promoted are sponge iron, paper, fertiliser, 
refractory units etc. Similarly, Industrial Development 
Corporation (IDCOL), a State Government undertaking came 
into existence in the year 1962. During its 25 years of existence, 
it has provided the basic strength for industrialisation of the 
State. Most of the industries promoted base on the utilisation 
of State natural resources. These are Kalinga Iron Works based 
on the iron ore deposits in Joda area, Ferro-chrome plant based 
on the chromite ore deposits in Sukinda area, Cement plant 
based on the limestone deposits in Dungri area. Orissa Mining 
Corporation, which is the oldest Corporation in the State has 
during the last decades, established Ferro-alloy plant at Bamnipal 
based on its own chromite ore and chrome ore beneficiation 
plant at Kaliapani. 

In private sector, Ferro-alloy Corporation, Ispat Alloy, 
Indian Metal and Ferro-alloy Limited have established Ferro- 
silicon, Ferro-chrome units in Choudwar, Theruvalli, Randia 
and Balasore. 


During 1970-80, tests have been conducted in Norway 
with the assistance of Unido with our vanadium and nickel ore 
from Rairangpur and Sukinda ares. These tests have proved 
that the ore is suitable to establish these vital Ferro-atloy projects. 
Similarly, with our high-grade iron ore, tests have been conducted 
in our country and abroad for the manufacture of sponge iron. 
On the basis of these test results, two sponge iron plants have 
already been established in Keonjhar district. IPICOL role in 
promoting these projects is noteworthy. Recently, these test 
results have been compiled in a book titled “Technological 
Excellence of Odisha Industrialization” published by ISR 
Infomedia Pvt. Ltd., Kolkata. 


The industrialisation of the State cannot be compared with 
States like Maharashtra, Gujarat, Tamil Nadu or Karnataka. The 
two prime reasons are lack of entrepreneurat talent and 2 sound 
market base. Hence, the industrial climate is to be stimulated 
by attracting entrepreneurs from outside the State and setting 
up large scale industries under central and private sectors which 
would create mother industries for the growth of ancillary and 
downstream projects. Realising this, the State announced recently 
very pragmatic and liberal industrial policy with package of 
assistance to attract the entrepreneurs from outside the State. 
For last two years vigorous efforts are being made in getting 
more central sector projects. 

10DCOL and IPICOL have contributed a lot for realisation 
of some of the central sector projects. Talcher Fertiliser plant 
was initially planned to be taken up in the State sector and for 
this, lot of tests were conducted with the Tatcher coal. 
Similarly for bauxites in Koraput, 1PICOL initiated lot of 
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] MINERAL PROCESSING 


investigations with the help of Indian Bureau of Mines. These 
preparatory work ultimately led to the establishment of the 
Fertiliser pant at Talcher and Alumina ptant at Damanjod!. In 
Paradeep, IPICOL assisted Madras Fertiliser to prepare the 
project report for Paradeep Fertiliser plant which has aiready 
been realised with the help of Nauru. 

Apart from the Corporation, the development of resource- 
oriented industries has been pioneered by some of the dedicated 
officers and professional in Government and the Corporation. 
To them, we owe speciat gratitude. In techn-economic front, 
these projects may have suffered temporarily but ultimately 
have provided the basic strength in technology and finance for 
the industrialisation of the State. 

The twelfth plan is about to start next year. It is the time 
that we must concentrate to develop some of the resource- 
oriented projects of national importance to be undertaken by 
the Government or private agencies. Some of these projects are 
mentioned below : 


1. Ferro-Nickel utilising Sukinda nickeliferrous ore. 

2. Ferro-Vanadium on the basis of vanadium bearing ore in 
Mayurbhanj district. 

3. Special alloy steel project utilising liquid Ferro-chrome and 
Ferro-nickel as major inputs. 


VDL SG NO. 4 


4. Electrolytic manganese dioxide and metal project based on 
the manganese ore of Keonjhar district. 

S. Titanium sponge and dioxide units based on mineral sand in 

Ganjam district. 

Graphite processing unit in Katahandi district. 

7. Tin ore processing unit in Koraput district. 


In conclusion, it may be worth pointing out two basic 
aspects of development from national point of view. 


” 


i) All resource-oriented industries from techno-economic point 
of view may be planned not to produce intermediate product 
like charge chrome all the time but Should diversify for 
production of end-product like special stee! where the cream 
of the profit ties. This will also help best utilisation of the 
energy. 

ii) States like Odisha, Madhya Pradesh, Bihar etc. where there 
are large concentration of natural resources should enjoy 
some priority in ihe developmental planning in the sense 
that Industria! betts shoud be identified for growth on the 
basis of an integrated approach of Power, Water, 
Communication and Mineral weaith. Projects should be 
implemented in a phased manner to maximise the 
utilisation of infrastructure on which nation has already 
invested a fortune. 
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The Missing Link in Odisha Industrialisation 


Programme 


Dr. ing. H. P. Mishra 
Ex-Chairman, !PICOL, Bhubaneswar 


For last few decades after 1970, our state has promoted 
some vital mineral based industries especiallv in Iron & 
Steel, Ferro Alloy, Alumina & Aluminium sectors. These 
industries will provide infrastructure for promoting 
industrialisation, but real industrialisation will be 
measured how much of these basic metals is getting 
converted to technological products through mega, medium 
and small scale industries with value addition and 
employment generation. 


For changing the present status, few points have heen 
mentioned which may be analysed in due course. 


In our present industrialisation programme, for 
converting mineral resources to basic metals like iron & 

- steel, ferro alloy and alumina & aluminium etc. Besides 
the mineral, water, power, human resources are used. 
The metallurgical process entails pollution, degradation of 
forest area and utilisation of scarce water resources. 


The profit margin available in these, if computed. 
is marginal. However, the availability of these basic 
metals 1s essential to utilise technological knowledge and 
human skill for high value technological product required 
nationally and internationally. 


The real industrialisation will be measured how much of 
these basic metals is converted to these products as in case 


of China where technological knowledge and skill form the 
major input. 


For creating these, different projects should be planned 
in the steel corridor which encompasses basic metal 
producing units. Industrial projects should be developed 
facilitating industries in medium and small scale sectors of 
high value utilising technical qualified personnel available 
from different institutions and industries. 


Besides these, dedicated industrial parks should be 
developed preferably in the industrial corridor with 
excellent connectivity to Paradip and Dhamra Port 
facilitating national and international trade. 


Furthermore, plans should he made to promote 
Technology Development Centre in which semi-commercial 
units can be installed and can be operated continuously 
providing data for installing commercial plant. This will 
bridge the gap between research laboratory and industrial 
units and will facilitate manufacture of ferro nickel. ferro 
vanadium etc. from our mineral waste as in case of sponge 
iron during 1980. 


Basic meta! producing units are enough but real 
industrialisation will usher when secondary basic metal 
producing units are programmed where our skilled 
workers will be gainfully employed with value addition to 
nonreplenishable mineral resources to meet the national 
requirement and international trade. 


BG india. 


Dr HP Mishra receiving K 


ga Samman 


~ Dr.H. P. Mishra conferred with Kalinga Samman Award 2013 - 


KE Eminent metathurgist and Founder Chairman of IPICOL, Bhubaneswar, Dr. Hara Prasanna Mishra has been conlerred 
with the Kalinga Samman Award-2013. Dr. H. P Mishra has received this honour for popularisation of science in Odisha, 


This award was presented by Hon'ble Chief Minister Naveen Patnaik, of Odisha, at a function at institute of Physics, 

| Bhubaneswar organised by Kanga Foundation Trust on 15° September 2014 at which Hon'ble Minister, Science & 

| Technology and Higher Education, Govt. of Odisha Dr. Pradeep Kurnar Panigrahi; Chairman of Kalinga Foundation Trust 

& Ex-M.P Bhahani Charan Pattanayak; Managing Hustee of Kalinga Foundation rust & Hon'ble Ex-Minister Prafuila K. 
i Samal, Advisor fo the Department of Science and Technology, Govt. of india Dr. {MRs) Ahuja, were also present. 

¢ Dr. H. P Mishra has eamed his M.5c. in Applied Chemistry from Calcutta University and Doctorate in Engineering 

from Technical University of Aachen, West Germany. He has started his career way back in the year 1951 and worked 


for various leading organisations. From 1951 to 1955 he has worked as a Senior Chemist in the Fertilizer Corporation of india. Then, from 1955 to 1964, he was Officer-in-Charge of By- 
Product Plant and Fertilizer Plant, Rourkela Steel Plant of the then Hindustan Steet Limited {HSL}. He was Technical Advisor & Chief Executive Officer, industrial Development Corporation 
of Odisha Limited {IDCOL} & Additional Secretary, industries Department and industrial Advisor to the Government of Odisha from 1964 to 1967. He served as a Chief Superintendent of 
Bokaro Steel Limited from 1967 to 1969. He worked as a Managing Director of {DCO from 1969 to 1974. He was Founder Chairman of industrial Promotion and Investment Corporation 
of Orissa Limited {IPKCOL} from 1974 to 1984. He was also a Resident Director of M. N. Dastur & Company Limited at Bhubaneswar in 1984. 

Dr. Mishra is a Member of Kalinga tnstitute of Technology & Design {KITD} from its inception for development of advanced technology & design for industrial renaissance of Odisha. 
He isa Life Member & Fettow of a Host of Professional Bodies both in the country & abroad and is actively engaged in development of metallurgical profession in the country. He ts also a 
Senior Member of American Society of Chemical Engineers, USA which is considered as a matter of pride for a professional metallurgist. 

Dr. Mishra has been bestowed with farge number of awards & accolades for his significant contribution to Chemical & Metallurgical Profession and he has published large number of 
research papers, technical and popular science articles which have brought him into the industrial limelight in the global perspective. 
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The Importance of Promoting Down Stream Industries for 
Industrialization of Odisha 


Dr. H. P. Mishra 
Ex. Chairman, IPICOL, Odisha 


During my long tenure nearly sixty years in getting associated in 
industrialization of our state, 1 have come to conclusion, time has come to 
seriously plan how our industrialization programme will cater to these basic 
requirement of our state especially in mineral sector. 


1. You will kindly appreciate our mineral resource gifted by the Almighty is 
not replenishible in contrast to Agriculture and other resources. Its 
exploitation, value additions and providing useful employment to our 
people especially to skilled people should be carefully planned and 
implemented. 


2. Our industrial activities at the present stage of Industrialization must 
address to the pollution problem affecting our people. We must ensure the 
industries we are planning to build effectively take care this aspect. 


3. In planning mega industries...Steel, Sponge, Ferro Alloys, Alumina, 
Aluminium and Titanium etc., Government at this stage of our 
development must ensure the basic metal produced is utilized creating 
downstream industries producing value added products and provide 
sufficient incentive for promotion of Medium and Small Scale Industries 
which will create jobs for our skilled and unskilled workers. 


In our state we have mega steel industries like Rourkela Steel Plant, Kalinga 
Nagar Industrial Complex with mega Steel Projects of NINL, TISCO, VISA, 
MESCO etc., Steel and Aluminium complex in Angul and Jharsuguda Industrial 
area, Indian Rare Earth Project in Gopalpur, upcoming Steel and Refinery 
project at Paradeep, Ferro Alloy Projects in Cuttack and Koraput districts and 
the Aluminum Complex in Koraput district. Now the primary aim of the 
entrepreneurs is to export the basic metal to other state of our country to make 
money for their organization. I feel it is high time that they should be persuaded 
for setting of high value technological projects. Real industrialization can be 
measured in my understanding as to what percentage of this basic metal is 
converted for value added product specially required for our country with the 
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expansion of Technical Education in our current plan period and projected in 
twelfth plan period. In near future. our Country in the world will be one of 
major source of skilled manpower. We must ensure jobs for them by expanding 
our Medium and Small Scale Industries to create new generation of 
entrepreneurs acquiring not only commercial but technical and entrepreneurial 
skill also. In the world today innovative skill largely provides strength for 
competition in global market. These MSME along with Technical Institutions 
will provide platform for our students to make innovative efforts for new 
products to cater to the National and International requirements. 


In my dream for industrialization of our state for last three decades, we 
have conceived industrial belts connecting Paradeep-Kalinga Nagar area, 
Angul- Jharsuguda-Rourkela and also Kalinga Nagar to Keonjhar and Barbil 
area. Similarly in Koraput district, based on Bauxite deposit, industrial belts 
need to be developed. These industrial belts will have water sources from rivers 
like Mahanadi, Brahmani and Baitarani etc. and Coal deposit in Talcher and IB 
Valley area. Proper planning should be worked out to improve connectivity by 
Road, Railways. Dams in rivers for storing water to be used for our industries 
for mega thermal power generation. In these belts, land should be acquired in 
the vicinity of major industrial units to develop industrial parks for 
accommodating Medium and Small Scale units which will utilize basic metal 
for value added products. 


In conclusion, I feel creating some mega Steel, Alumina & Aluminium 
Plants will not fulfill our programme for industrialization. This may bring 
immediate profit to entrepreneurs but at the cost of valuable non-replenishible 
minerals, water and power source. In our state we have already sizeable 
production of the basic metal from the mega industries. In my opinion, real 
industrialization will be measured what percentage of this basic metal is used in 
promoting mega, medium and small scale industries for producing technological 
products for house hold appliances, electronic, automobiles and many other 
sectors. 


We must conserve our minerals for the purpose for our coming 
generation and prepare a planned programme with the help of reputed 
professionals and consultants. My suggestion is that Government must create a 
‘Task Force’ for the purpose and a proper planned document detailing out time 
bound activities for the purpose is to be prepared for the necessary action in this 
direction. 
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Vision on Industrialization of Odisha 


Dr. H.P. Mishra 
Ex. Chaimman. IPICOL. Odisha 


I would like to bring some of the points for kind attention of Hon. Chief 
Minister of Odisha Sj. Naveen Patnaik regarding the industrialization of the 
state; 


1. The real industrialization can be measured by utilization of basic metals 
to various types of products by using the technological knowledge of high 
quality manpower. 


tv 


It needs industrial corridors at different locations to set up downstream 
and upstream small and medium scale industries of major metal industries 
to produce various types of products where the cluster growth of industry 
can be realized over a period. 


3. Mineral resource should be used judiciously because these are non- 
replenishible. It should not be misutilized only by mining activity. The 
resource should be utilized by value addition till the end products. 


4. For industrialization of Odisha, new generation of entrepreneurs should 
be created, those who have technical knowledge through venture capital. 


5. IPICOL should be strengthened with high quality technical manpower. 


6. Technology Development Centre should be set up by Govt, of Odisha in 
association with R&D and academic organizations to solve the bottle 
neck of the processes of existing industries and simultaneously to develop 
the advance process to utilize the low grade mineral resources. 


7. Human resource development in the state should be given the top most 
priority to produce quality manpower in proper engagement in our 
industrialization sectors. 


8. Port facilities at Paradeep, Dhamara and Goplapur should be improved 
further as well as create new ports in long marine drive for import and 
export of the materials. 
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9. Infrastructure facilities like road. railways, even pipeline corridors for 
transportation should be made in high quality to attract more 
entrepreneurs for investment. 


10.Power sectors should be improved to make their stability for undisturbed 
power supply to industries as well as people. 


11.Chemical industries like chloro-alkali, fertilizer and food processing 
industries should be encouraged. 


12. Major wastes i.e., red mud, gypsum, iron ore tailings, fly ash etc. should 
be given priority to make value addition to keep the environmental 
balance of the ecology. If required, incentive provision should be made. 


13.Water harvesting should be done by Public Private Partnership (PPP) 
mode in the river itself so that both agriculture and industry can survive 
together. 
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Vision for Developing Mineral Resources and 
Industrialization of Odisha 


Dr. H.P. Mishra 
Former Chairman. IPICOL Odisha 


INTRODUCTION 


Former President, Dr. A.P.J. Abdul Kalam always mentioned that for a country 
to grow people must learn how to dream in a big way. In our journey for 
establishing mineral based industries, innovation is the keyword to be 
competitive in national and international sector. To sustain the process of 
industrialization, professionalism at every stage of our operation is extremely 
important. 


Endowed with plentiful reserves of valuable ores and minerals, it was expected 
that Odisha would emerge as the leading industrialized state of the country. 


The mineral resources of the State can be considered under four categories 
namely. 


1. Those which are currently being mined like iron ore. manganese ore, 
chromite, bauxite, coal, limestone, dolomite, mineral (beach) sand. 

2. Those which were mined in the recent past but currently suspended such 
as china clay, fireclay, graphite, gemstones, kyanite, soapstone, asbestos. 

3. Those which have potential for development like nickel ore. PGM, gold, 
tin ore, vanadium bearing magnetite, base metals, diamond, atomic 
minerals, oil and gas. 

4. Host of minor minerals like granite, quartz, serpentines, feldspar. 


LOOKING BACK 


The industries set up during the early years of the last century, 1950s and 1960s 
were a few and dispersed. These include 


e Aluminum Smelter at Hirakud 

e Refractory Plant at Belpahar. 

e Ferromanganese plants at Rayagada and Joda., Low shatt pig iron plant 
near Barbil 

e Graphite Crucible Plant at Titilagarh 


A 25 


Digitized by srujanika@gmail.com 


Strategy for Development of Mineral Based Industries in Odisha 


FeCr Plant at Jajpur Road 

Cement and Refractory Plants at Rajgangpur 

Refractory Plant at Latikata. 

Fertilizer Plants near Rourkela and Paradeep 

FeSi Plant at Theruvali 

The First Integrated Iron and Steel Plant in the public sector at Rourkela. 


Coal based Thermal Power Plants in Talcher and lb river coal field areas 
and Choudwar. 


Later years witnessed commissioning of: 


Charge Chrome Plants near Bhadrak, at Brahmanipal, Choudwar, 
Theruvali & Meramunduli. 

Cement Plant near Bargarh 

Mineral Separation Plant of IREL at Matikhal 

Host of Mini Cement Plants (since closed) 

Host of Sponge Iron Plants (most of which are not in operation) 
Alumina Refinery at Damanjodi and Smelter at Angul of Nalco. 
Alumina Refinery of Utkal Alumina at Doraguda 

Alirmina at Lanjigarh and Smelter at Jharsuguda of Vedanta 
Iron and Steel Plant of MESCO near Jajpur Road 

Stainless Steel Unit of Jindals in Kalinga nagar 

Iron and Steel Complex of Bhusan Steel in Jharsuguda. 


Recent development in the industrial sector in the State includes: 


Commissioning of 3 million tonnes / year integrated Iron and Steel Plant 
of TATA Steel in Kalinga Nagar in the first phase as a part of ultimate 6 
million tonnes / year capacity. 

Oil Refinery at Paradeep. 

Expansion of Rourkela Steel Plant of SAIL (4.5 million tones of hot 
metal, 4.2 million tonnes of crude steel and 3.9 million tones of saleable 
steel). The capacity of Rourkela Steel Plant is planned to rise to 10.8 
mtpa by 2025, though appears ambitious. 

Expansion of Nalco (Mines, Refinery and Smelter) 

Iron and Steel Complex of Jindals in Angul area. 

Ferro - Chrome Plant of Tata Steel near Berhampur. 


(The list is not exhaustive and some might have been missed) 
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INFRASTRUCTURE 


In the infrastructure front, the following projects are of significance for growth 
of mineral based industries in the State. 


AD 


Hydel Projects at Machhakund, Balimela, Rengali, Kolab and Indravati 
Commissioning of Paradeep and Dhamra Ports. 
Rail Links 

Banspani-Jakhpura 

Bailadila- Kottavalsa 

Sambalpur-Talcher 

Barsua- Rourkela 

Kiriburu- Bimlagarh- Bondamunda 

Bolani- Barbil 

Banspani- Padapahar 

Bhadrak- Dhamra 

Rayagada- Bhawanipatna 

Rayagada- Jeypore- Jagdalpur 


4. Road Links 


iv. 
Vv. 


Daitari - Paradeep Expressway. 

Keonjhargarh- Naranpur- Bamanipal 

Panikoili -Bhadrasahi- Koira-Lahunipada- Rourkela 

(Development of this vital NH is continuing at snail's pace. Needs urgent 
attention of both the Central and state Governments) 


Joda-Bamebari-Palaspanga 
Talcher/Angul- Kaniha- Pallahara 


This in brief, is the infrastructure set up relating to growth of mineral - based 
industries in the State. Though relevant, healthcare and education facilities have 
not been discussed. Suffice to say, these areas call for considerable 
improvement. 


Some of the failures and priority areas that require urgent attention of both State 
and Central Governments need to be highlighted. 


Topping the list is failure of both the State and Central Governments in 
materializing the 12 mtpa mega steel project of POSCO. Delay in decision 
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making and particularly delay in granting a lease for iron ore has been the main 
reason for stalling the project. No foreign steel company would like to have 
access to an iron ore property through auction. 


Next in the list of failures is inability of the State Government to provide 
required facilities for Mittal's proposed iron and steel complex in Keonjhar 
district. 


The third failure, a major one, is not providing a lease for bauxite to Vedanta 
Aluminium in spite of assurance. On the basis of assurance given by the State 
Government, Vedanta set up 1 million tpa refinery at Lanjigarh at an investment 
of nearly Rs. 4000 crores. Political class and NGOs combined to stall the 
possibility of supply of bauxite from Niyampgiri although there is absolutely no 
technological basis for the same. The unfortunate part is that the State 
Government took a passive role. The least that can be done to save the project 
from closure is to make available required quantity of bauxite either directly by 
grant of a lease or through OMC. 


Some of the priority infrastructure projects that call for early completion include 
the following: 


Railway Links 


e Haridaspur- Paradeep 

e Talcher- Bimlagarh 

e Angul- Duburi- Sukinda 
e Badampahar- Keonjhar 
e Jeypore- Malkanagiri 

e Bolani- Roxy 


Doubling of: 
e Banspani - Daitari- Jakhpura line 
e Sambalpur-Titilagarh 
e Sambalpur-Talcher 
e Sambalpur — Jharsuguda 


Urgent need for completion of Bhadrasahi- Koira- Lahunipada- Rourkela road 
link has already been mentioned. 
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With regard to development of major ports, Gopalpur assumes strategic 
importance. Water reservoirs can be constructed on Brahmani and Baitarani 
rivers at favourable locations to meet the requirement of water for the industries 
in a planned manner. Construction of Kanupur dam on river Baitarani should be 
expedited. 


In the mineral sector, priority should be given to revive the mines where 
operations have been discontinued and to accelerate the process of exploration 
inducting expertise and technology from abroad. 


Mineral based industries which can come up in the State and those which need 
revival include 


a) Ferro Vanadium and Ferro Titanium 

b) Nickel and Cobalt 

c) Aluminum Lithium Alloys, 

d) Aluminum Silicon Alloys 

e) Manufacture of value added products in medium and small scale sector- 
confined to special alloys and automobile components. 

f) Revival of Sponge Iron Manufacturing Units 

g) Control of NINL should be vested with either SAIL or RINL to facilitate 
its growth. 


Conclusion 


An area of concern is poor law and order situation and negative approach of the 
NGOs. The State Government should do well to take note of this and remedy 
the negativism. Finally, I feel, we will have to consciously make efforts to 
develop technology entrepreneurship that are well equipped professionally. Our 
promoting organizations like IPICOL., IDCOL and OMC should be staffed with 
professionals of repute. They must learn to project the enormous potential of the 
State for industrialization and interact with organizations in India and abroad to 
bring in the best technologies for adoption in our State. In IPICOL, we should 
have venture capital fund to assist entrepreneurs who have acquired 
technological expertise but lack funds back up. Both the State and Central 
Governments must involve technical and professionals scientists and engineers 
in decision making process. Then only the State's industrialization process can 
materialize & see the light of the day. 
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Personality Extraordinaire 


Interview with Shri Satyabadi Satapathy 


Founder &First Nalconian and the Brain behind 
the Giant Aluminium Complex,NALCO 


NALCO Samachar, Vol-6, No. 5, 
July —September, 1981, pp 8-12 


ଖା 
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Shri Satyabad! Satpathy, known as the first Nalcontan and also the bratn behind the glant 
alumtnium complex, ts a name to reckon with tn Alumintum Industry of the country. 


A man of wide and varied experience, Shri Satpathy began hts career in 1955 with the Atomic 
Energy Establishment (now Bhaba Atomic Research Centre) in Bombay. He made his forays 
into Alumtntum Industry tn 1957 when he jotned Indtan Aluminium Company(INDAL) as 
Techntcal Officer and spent 15 years tn the company. In 1972, he Joined Bharat Aluminium 
Company Ltd. (BALCO), the first Public Sector Alumtntum Enterprise, as Chief of Technology In 
that capactty he was tn-charge of such vital areas as Research, Design. Technology and 
Planning & Development tn the field of alumtntum Shri Satpathy's contribution to the shaping 
up of BALCO has been pratseworthy. 


Shri Satpathy is also credited with concelving and shaptng up the giant complex Le. NALCO 
Jor which he started working right from the day one. 


A highly qualified metallurgist. Shri Satpathy has visited several alumtntum plants tn the 
world and has organised R&D ont alumtntum back home. Shri Satpathy has been associated 
with the alumtntum industry for such a long time that he has virtually become an tnstitutton. A 
well-read person, Shri Satpathy takes keen interest In academlcs. He has written a number of 
technical articles and reports whitch have been acclaimed all over the world. 


At the time of retirement (1989), Shri Satpathy was worktng as Director (Techntcal). He was 
retatned as Adutsor (Technology) for one year tn view of his distingutshed services. It was but 
natural for NALCO Samachar to talk to such a versatile man and leam from his experience, On 
a ratny day. our team set out‘to take him down memory lane. 


Ss Re 
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Samachar : before us in tts bald majesty. I tested. The Australia Govt. was 
You are known as the first will tell you two major incidents, also negotiating with Prehiney 

Nalconian and also the brain fresh in my memory even to-day. to set up a similar Smelter at 

behind this glant aluminium which proved quite auspicious. Tomato. However. we became 

complex. You have been very We came across a cow tn just the first to obtain this 

closely associated with this giving birth to two calves. The technology. It was quite a risky 

company right from inception. local tribal said. “Babu. two decision. However. once again. 


Would you recollect some of 
the glorious moments of you 
working in NALCO? 
S. Satpathy : 

I clearly remember that 


calves mean good omen. You will 
be successful in your mission”. 
The second good sign was a 
sudden heavy rain. almost a 
cloud blast while we were 


this bold decision has proved to 
be a good gamble. Our Smelter 
will continue to enjoy a definite 
technological edge for the next 
10 to 15 years in this part of the 
world, 


glorious day (1975). lt was a 
bright Sunday and I was 
enjoying my morning cup of tea 
when the All India Radio. 
Jeypore. annotnced that 
bauxite has becn discovered in 
Koraput district. This 
announcement made me sit up 
and think. ! could visualize the 
potential for a huge aluminium 
complex in the state of Orissa. I 
was really thrilled. Immediately 1 
wrote a 3-page letter to the then 
Chief Minister. Smt. Nandini 
Satpathy, explaining the 
potential of the bauxite reserve. 
Sint. Satpathy took it up with 
the concerned Minister in the 
Centre, Shri Chandrajit Yadav. 
who. in turn, requested the then 
Chairman of BALCO, Shri AN. 
Banerjee to examine and 
prepare a report. This was the 
beginning of the Orissa 
Aluminium Complex. In the 
meantime. several meetings 
were held with the Chief 
Minister in Bhubaneswar and 
plans were drawn to prepare a 
feasibility report. 


The Year 1976 


1 was in the state capital with 
Shri A. K. Patnaik. 
DGM(Alumina). Shri R. N, 
Gupta, Ex. DGM(TS} and Shrt 
Tuli and Shri N. K. Das from 
State Govt. All of us drove ina 
jeep to Kakriguma village in 
Koraput. We were excited with 
the feeling that we are going to 
unearth the mystery of 
Panchpatmali. As we reached 
the plateau, the vast expanse of 
the plain htlitop lay stretched 


jeeping down the valley. As you 
know. an auspicious occasion 
invites rains. However. we had 
some share of bad luck too as 
our Jeep got stuck down-hilt 
giving a heart attack to one of 
our colleagues. 


The year 1977 


Having prepared the report. 
we looked around for a suitable 
technology. We had offers from 
Alcan. VAW. Pechiney and Alcoa. 
I met Shri Bifu Patnatk, then 
Union Minister of Steel & Mines. 
who studied the project 
thoroughly and suggested to 
go for French technology. It was 
a momentous decision. 


Regarding Alumina, the issue 
was whether to go for 
Atmospheric Digestion or high 
pressure technology. Initially, | 
was not in favour of 
Atmospheric Digestion 


technology as.at that time, only 
one plant was operating in the 


world. However, in retrospect. | 
am delighted that the 
Atmospheric Pressure 
technology obtained by NALCO 
has proved to be efficient and 
economical. Because of the fact 
that the Panchpatmali bauxite 
deposit quality is quite uniform 
and available in huge 
quantities. 

Another crucial decision was 
selection of 180 KA technology 
for the Smelter. At that time. 
this technology was in pilot 
stage and yet to be commercially 
exploited. 1 visited Pechiney’s St. 
Jean-de-Maurienne where 10 
cells of 180 KA were being 


Samachar : 


What were the most anxious 
moments for you and your 
team at tbe initial stages of 
the Project? 


Satpathy : 


It was originally planned to 
set up the Smelter at Damanjodi 
near the Alumina Refinery 
Complex. Since easy availability 
of power in Koraput was a major 
constraint we had to luok for 
other options. The most techno- 
economic solution was to shift 
the Smelter to Angul which is 
nearcr to the coal belt of 
Talcher. Though it involved 
logistic problems. it was 
considered advisable to 
transport alumina {rom 
Damanjudi to Angu. rather 
than transport power trom 
Angul to Damanjodi. The 
proposed captive power plant in 
built in the project became a 
seriuus issue as the State Govt. 
initially hesitated to sanction 
the Power Plant. The State Gort. 
advised NAILO to invest the 
same amount in the proposed 
Super fhernal Power Mant at 
Kantha near Talcher and draw 
from there. | was totally against 
this proposal as | feared that 
such super Thermal Power Plant 
might never come up in the 
near future {argued with the 
State Gov. that either vou 
sanction us the power plant or 


lose the entire NALCO Project. 1 


supplemented my argument 
with a note of dissent w the 
Gov. Besides. I wanted the 


A 
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location of our Captive Power 
Plant at the present Balaram 
Prasad, rather than at Kaniha 
as proposed by the Govt. Ina 
crucial meeting with the then 
Chief Minister, Shri J.B. 
Patnaik. | managed to convince 
him et NALCO have Its own 
power plant and let the State 
Govt. tight for the Super 
Thermal Power Plant.’ And today 
the results are there for 
everybody to see. Our Captive 
Power Plant started generation 
from 1986 whereas the work on 
Super Thermal Power Plant 
began only recently. 

Another major problem we 
faced was getting the clearance 
for the crucial railway linc 
between Koraput and Rayagada 
which Is considered the life-line 
of NALCO's Alumina movement 
both for exports and Smelter. 
We had some well-wishers like 
Shn Satakod! Hota in the 
Railways. who helped us in 
getting this project cleared and 


later on implemented by 
Railways themselves. 


Another major challenge was 
transportation of Alumina over 
a long distance of 700 Kms. to 
Angul and 300 Kms. to Vizag. 
Our requirement was special 
Nuidised wagons which were 
not available indigenously. Our 
proposal to the Ratlways to 
manufacture the speclal wagons 
was initially turned down with a 
suggestion to go for the 
traditional ofl tanker type 
wagons. However, with the help 
of some friends in the Design 
Institute of Lucknow. we were 
able to get across our views. A 
team was formed consisting of 
Shri CB Agarwal. Chief 
Engineer. NALCO and a member 
from the Design Institute who 
went to France and Germany 
and finally managed to get a 
collaboration with Simotra of 
France. As a result. today. we 
have been able to reduce the 
cost of transportation by 1/3rd. 


i 


Being incharge of 
Projects and Technology: 
you must have encountered 
some difficult 
situations....... Would you like 
to recount some of them? 
Satpathy : 

With the determination to 
introduce high tech in all flelds 
of activities in this giant 
complex. import of equipment 
and technology became 
imperative. So the only option 
left was to reduce the foreign 
exchange components by 
arranging collaboration between 
Indian and foreign parties for 
maximizing production of vital 
equipment in India. This was a 
tough job. Because on one hand 
the foreign partners were 
reluctant to part with their 
technology. On the other the 
Indian countcrparts were totally 
indifferent to our proposals. But 
we were not disheartened. 1 
personally went to various 
compantes lo motivate them to 
go for such collaborations which 
would bring business prospects. 
Fortunatcly, after long 
persuasion. useful 
collaborations could be 
achieved. Notablc ones are : 
BHPV with Kestnore, Indian 
Railways with Simotra. Lurgi 
with Simone Carves, FLB with 
Mac Nally Bharat and BHEL 
with Stein(for Boilers). 


Another classic example was 
development and manufacture 
of Pot Cells from Pechiney 
designs in India. After several 
modifications the cells could be 
finally manufactured 
indigenously. Today, the 
expertise is avallable within the 
country and NALCO will not 
have any problem in procuring 
these equipment for expansion 
purposes. 


Samachar : 
You have been associated 
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fabricatlon. It will have to 
constantly monitor and 
matntaln its standards in the 
fields of environment and 
energy conservation. 


Finally, NALCO should expand 
Its capacity as soon as possible. 
I am happy to note that a 
proposal for a Rs. 2000 crore 
expansion has been submitted 
to the Govt. This will give a lot of 
lever to NALCO. In fact, capacity 
expansion Is in-built in the 
complex right from the project 
stage. I do not think NALCO will 
have any problem in putting 
another pot line in Smelter or 
one more stream in alumina 
plant. 


Samachar: 


What are the specific things 
you didn't like in NALCO ? 


Originally, it was planned to 
set up downstream facilities as 


part of the NALCO project. 
However, the proposal was not 
pushed through. As a result, we 
missed the bus. Secondly, right 
from the beginning, we have 
been giving way to adhocism in 
our activities to which I was also 
a party. We should never 
encourage make-shift 
arrangement {ust to please 
somebody for meeting the 
targets. We should aim our 
activities at longterm results. 


Samachar : 


What would you suggest to 
improve upon the existing 
systems and practices—both 


NALCO must gear up Its R&D 
activities because that Is the 
most cruclal factor today in 
ensuring continuous and 
efficient working of the 


factories. Secondly, NALCO 
should introduce a strong 
techntcal traininig system for 
its supervisors and engineers. 
Unfortunately, from the 
beginning. there has been more 
emphasis on generalised 
training confined to few 
workshops and class room 
teachings. This does not help in 
a high-tech industry. Besides. 
there should be greater thrust 
on total human resource 
development rather than casual 
piece-meal training courses here 
and there. NALCO will have to 
take the middle management 
into confidence and groom them 
into a disciplined and bold 
brigade. because it is the middle 
management that holds the key 
to higher production and 
greater productivity. 


Samachar : 


What do you like most to do 
in your spare time? 
Satpathy : 

My favourite past-time is 
reading technical literature, 
especially developments in 
various fields of aluminium 
industry and related materials. 
Development in material 
sclence Is very exciting. 


Samachar : 


Any you would like 
to put across to your 


One should develop an 
attachment and concern for any 
activities he does or Intends to 
do. One may face hostile 
environment in today's highly 
complex industrial culture, but 
one should not detract (from 
one’s ultimate goal. 


NALCO has a great ‘future.’ 
Nalconians should join hands to 
explore the ‘future’ for the larger 
benefits of the country. 
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State-of-the-art Environmental Management 
Plan, Practices and Prospects in Major 
Mineral based Industries 


Dr. Bhagyadhar Bhol Dr. Chitta Ranjan Mishra Or. Hara Prasanna Misra 
Chief Sclentist, Former Deputy General Former Chairman, 
CSIR-IMMT, Bhubaneswar Manager (R&D), IPICOL Bhubaneswar 
NALCO, Bhubaneswar 


Odisha is endowed with vast mineral resources like Bouxite, tron Ore, Chromite, Manganese Ore, iimenite and Coal. Based on these mineral 
resources, various industries have been set up in the state like Alumina-aluminium Plants from Bouxite; Iron and Steel Plants from Iron Ore: 
Charge Chrome/Ferro Chrome from Chromite; Ferro Manganese, Silico Manganese from Manganese ore; Titanium Oxide from iimenite; Coke 
from Coal; Coal-based Therma! Power Plants etc. These major mineral-based industries during the plant operation produce respective valuable 
metals along with associated woste materials. The Alumina-aluminium Plants produce red mud, spent cathode port line materials and fly ash 
from their captive power plants. fron and Steet Plants produce blast furnace slag, steel scraps, mill scales along with iron ore fines, slimes from 
iron ore mines. Chromite Plants produce chromium slog and associated Chromite Over Burden (COS) generoted during mining of chrome ore. 
Manganese Plants produce ferro manganese slag and manganese ore fines during mining etc. The Indian coo! contains high ash content, 
which also needs to be beneficiated for industrial use. The Cool-based Thermal Power Plants generate huge quantities of fly ash. which is 
considered as an environmental menace. All these waste materiols generated from major mineral-based industries are to be property managed 
and utilized so that wastes can be converted to wealth, adding value to the economy. 


A proper waste management plon, environment-friendly operational practices and novel innovative prospects are to be synchronized with 

the technology so that generation of waste is minimized; the operating process becomes eco-friendly and value addition to the economy Is 
achieved. Furthermore, for achieving better productivity by the application of state-of-the-art technology, plants should be ready to accept any 
incremental innovatlve prospects developed indigenousty by in-house efforts and through collaboration with the National R&D Institutions. 


The state has oa strong technology pool, which should be tapped effectively by the industrial houses operating in the state so that a joint 
technology action plan amongst the Academia, Nationa! S&T Institutions and Industria! Houses can be developed for implermnentatton in the 
industries to the best advantage of stakeholders. 


The present paper describes the importance of waste management plans for mineral-based industries, eco-friendly plant practices for 
achieving zero waste and prospects for introduction of innovative practices into the body of the technology so that productivity is enhanced; 
the environment Is properly protected and value addition to the economy is achieved. 


Introduction old tradition of majestic art. culture and hentage. Odisha 
has attracted large numbers of industry players. who 


Odisha is now considered as the land of opportunity. It have demonstrated their industrial acumen and have set 


has vast reserves of mineral wealth, forest coverage, water up small, medium and large-scale industries in the state 
resources, long coastal belt. vast coal reserves, port, air in various sectors. Sound industrial policy of the state. 
and roadways. sound infrastructural buse, hydropower, considered us one of the best industrial policies of the 
renewable energy sources. strong academia. 1T sectors. country. backed by ‘Make in India’ plan of the Government 
hotel and tourism industries, Micro, Small and Medium of India, which has given a tremendous boost to the 
Enterprises (MSME) etc., over and above backed by age industry renaissance of the state. 
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The state capital Bhubaneswar has earned the rare 
distinction of being the first smart city out of twenty 
competitive cities of the country. The state has more 
than twenty-two Universities, one Central University, 
IIT. IIM. NISER, IISER, about hundred engineering 
and technology colleges in addition to a large number of 
National S&T laboratories viz. CSIR-IMMT. ICAR-NRRI, 
ICAR-CIFA. Institute of Life Sciences, ICMR-Regional 
Medical Research Centre, Institute of Physics. AIMS etc. 
The city of Bhubaneswar is going to be a heritage city 
of the world under UNESCO. Once known as the city of 
temples, Bhubaneswar is now considered as the IT capital 
and educational hub of the nation. 


Industries like NALCO, SAIL-RSP, IRE-Chhatrapur, 
HAL-Sunahbeda, Jindal Steel and Power. Bhushan Steel, 
TATA Steel. ESSAR Steel, VEDANTA, VISA Steel, 

IMFA, and NTPC have set up their industrial enterprises 
in the state. In addition to the above, there are large 
numbers of small and medium players, those who 

have established their presence in the state in various 
industrial sectors. adding economy to the state. Large 
numbers of technologies are in operation in the state today 
through these industrial ventures, making the state rich 
in technological operation and practices. Large numbers 

of scientific and technical manpower are rendering 

their valuable services to the state, thereby Odisha has 
established its leading position in the industrial map of the 
country. 


Odisha is endowed with vast mineral resources like 
Bauxite. Iron Ore, Chromite, Manganese Ore, Ilmenite 
and Coal. Based on these mineral resources, various 
industries have been set up in the state like Alumina- 
aluminium Plants from Bauxite; Iron and Steel Plants from 
iron ore; Charge Chrome/Ferro Chrome from Chromite: 
Ferro Monganese, Silico Manganese from Manganese Ore; 
Titanium Oxide from Ilmenite; Coke from Coal; Coal- 
based Thermal Power Plants etc. These major mineral- 
based industries during the plant operation produce 
respective valuable metals along with associated waste 
materials. The Alumina-aluminium Plants produce red 
mud, spent cathode port line materials and fly ash from 
their captive power plants. Iron and Steel Plants produce 
blast furnace slag, steel scraps, mill scales along with iron 
ore fines, slimes from iron ore mines. Chromite Plants 
produce chromium slag and associated Chromite Over 
Burden (COB) generated during mining of chrome ore; 
and Manganese Plants produce ferro manganese slag 
and manganese ore fines during mining etc. The Indian 
coal contains high ash content, which also needs to be 
beneficiated for the industrial usc. The Coal-based Thermal 
Power Plants generate huge quantities of fy ash, which is 
considered as an environmenta! menace. Al] these waste 
materials generated from major mineral-baged industries 
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are to be properly roanaged and utilized so that wastes can 
be converted to wealth. adding value to the economy. 


A proper waste management plan, environment-friendly 
operational practices and novel innovative prospects are 
to be synchronized with the technology so that generation 
of waste is minimized; the operating process becomes eco- 
friendly and value addition to the economy is achieved. 
Furthermore, for achieving better productivity by the 
application of state-of-the-art technology, plants should 
be ready to accept any incremental innovative prospects 
developed indigenously by in-house efforts. 


The present paper describes the importance of waste 
management plans for mineral-based industries, eco- 
friendly plant practices for achieving zero waste and 
prospects for introduction of innovative practices into the 
body of the technology so that productivity is enhanced; 
the environment is properly protected and value addition 
to the economy is achieved. 


industrial and Mineral Wastes Generated in Odisha 


The mineral-rich state of Odisha has huge deposits of 
iron ore, predominantly in the tribal regions of the state. 
Besides Iron Ore (more than 35% of the country’s iron ore 
reserves with 5231 million tonnes of Iron Ore), it counts for 
26% Coal and 67.6% Manganese reserves of the country. 
About 98% of the total proved Chromite (Chromium Ore) 
reserves of the country, of which 97% occur in the Sukinda 
Valley, covering approximately 200 sq. km in the Jajpur 
district, is used for the production of Iron-Chromium 
alloys (Ferro Chrome). The state has world’s fourth largest 
bawxite reserves with a total deposit of 1805 million 
tonnes, constituting about 58% of the country’s total 
reserves of the ore, used to make Aluminium. The Mineral 
Map of Odisha and Mineral-based Industries!!l are shown 
in Figs. 1 and 2. Based on all these ores and mineral 
reserves, various industrics have been set up in the state. 
The list of Mineral-based Industries in Odisha (Large and 
Medium Scale Industries) is shown in Table 1. 
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Fig 1: Mineral Map of Odisha (source: Directorate of Mining & Geology. 
Government of Odisha) 


“AON & STEEL REVIEW | 96 | ANE 2018 IN a 


Digitized by srujanika@gmail.com 


Strategy for Development of Mineral Based Industries in Odisha 


ID ENVIRONMENT 


ଆ 


I 


HN 


I 


i 


Fig. 2: Mineral-based Industries {source: Directorate of Mining & Geology. 
Government of Odisha} 


Tabte 1: List of Mineral-baswd tndustries in Odisha 
{Large and Medium Scale Industries) 


Name of the Industry 


indian Metals and Ferro Alloys Ltd. 
{CPP Unit), Choudwar 


NALCO {CPP), Nalconagar 
Hindalco Industries Ltd. Hirakud 


Hindako Industries Ltd. PB No. 12 
Hirakud 


OCL Indla Ltd. (Cement Unit) 
Rajgangpur 

Nava Bharat Ventures Ltd. 
Kharagprasad, Mermundal! 


Chariot Cement Ltd. {Unit-it} 
Kalunga Industrial Estate 


NALCO Smelter, Naiconagar 
18 Therma! Power Station 
UhtraTech Cement Ltd Arda, Jharsuguda] _Jharsuguda | Cement 


Taticher Mermal Power Stavon Power 
{TIPS} (NTPC), Taicher 


Neelachal Ispat Nigam Ltd, Duburi 


Visa Steel Ltd. Kalinganagar 
industrial Estate 


Product 


£ 
§ 


i 


g 


Power 
Power 
Aluminium 
Power 
Cement 
Power 
Cement 


| 


HG 
HH 5 


tron & Steet 
Pig iron & Lime Coke 


Jajpur 


Cement 


Pgment 


Shiva Cement Lid, Kutra 


Gofchha Pigments Pvt. Ltd. 5-3,97 & 98 
Kaflunga Industrial Estate 


Talcher Super Therma! Power 
Project (NTPC), Kanha 
Rourkela Stee! Plant, Rourkela 


5 


Power 


£ 


ପଶ 


4 
i 
5 


Bargah Cement Works {ACC} Bargarh Cement 
NTPC, SAIL, Power Company Ltd, Power 
Rourkela 

Toshali Cements Pvt. Lid, Ampavalli, Cement 
Sunki 


KGN. Cement [P) Ltd, Sundergarh Cement 
Mandiakudar, P.O. - Kanshabhal 
Mideast Integrated Steet Lid. Integrated Stee 


Khurunti, P.O. - Danagadi 
RSP (CPP), Rourkela 


Sita Cement Ltd. {Sundergarh) 

Telighana, Kutta 

Sushila Cement Pvt. Ltd. Sundergarh Cement 
Jindal Stainless (CPP) Loidapada | ନ | Power 
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Kapdas Cement Works of Cuttack Cement 
M/s OCL India Lid, Biswall. Barunia 
Vedanta Aluminum Ltd. Mmarsuguds Alumna & Power 
Bhurkhamunds 
Anuja Ceramics Prt. Lid [ Khuda | Ceramic Product 
Essar Steel Ltd [ pw | CtO4Ore Fines 
FACOR Ferro Mops 
Ferro Alloys Plant, TISCO. Keonjhar Charge Chrome 
Bamnipal 
Ferro Manganese. Plant, TISCO, Joda Ferro Alloys 


GKW Limited (Powrmerx Stee! Ltd} Steet & Alloyed Steel 


Hiranya Garva China Cay & Mayurbhan; Beneficiation 
Muneral (P) Ltd. {China clay) 
th industry Lud. { Ohenkanal | Coke 
BP Co. Ld. Ang Explosives 
BP Co. Ud. Explosives 
KCCL {CPP} Cutack Ferro Alloys 
IFGL Refractory (Unit-i & Unt-H) Sundergarh ¢ Refractortes 
iREL (O5SCOM) Ganjam Syntheve Rule. 
Pure Zircona. 
Zocor 
1DCOL Ferro Chrome Ptant Jajpur ! Ferro Alloys 
IDL industries lid. Sundergarth Explosives 
MFA (F-1, F-2 & F-3) Ferro Alloys 
Indian Expiosves Ltd. Explosives 
Indian Explosives Ud. Explosives 
indo Guif Industries ttd. Angul Explosives 
IP Steel Ltd (Ft & Rerolimg 
Ispat Alloys Ltd. (F-1, F-2, F-3, F-4, F-51 | Baleswar Ferro Alloys 
Shakti Chrome Ltd. Chrome Briquetting 
Jas Mara Ambe Steels Pvt. Lid. ! Sundergarh Casting 
Jeypore Sugar Company Limited Rayagads Ferra Alloys 
{Ferro Mn. Plant) 
IDCOL Katinge Iron Works Pig Iron 
Konark Met Coke Limited Cuttack Core 
Kripal Aloy Stee! Private Limhed Bargah Auto Components 
Krips! Springs (P) tid. Bargarh Auto Components 
Kumar Ceramscs Prt Lid. ;  Baleswas Refractory Products 
Magnetic india Ltd. { © Khurda Hard Fernte 
Mahanadi Metals & Chemicals Pvt Lid. ¡ Sundergarh Exploswves 


Manish Refractories & Ceramics Prt Ltd Refractory Products 


NALCO Lid. (Pilot Plant) Special Grade 
Aluminasm 
NALCO Lid. (Refinery Unit} Koraput | Aluminum Refinery 
NALCO td, [Zeolite | Koraput | Zeolite 
Nava Bharat Ferro Alloys Ltd. (F-1& | Dhenkanal | ferro Alloys 
Niacha! Refractories Ltd. [ Ohenkanal | Refractory Products 
OCL (Refractory Unit) Refractory Products 
Ordnance Factory Explosves 
Orissa Explosives Pvt. Ltd. Explosives 
Orissa industries Ltd Refractory 8ncks 
Onssa Industries tid (Barang) Cuttack Refractory Bids 


Padma Engineering Pvt. Ltd Marsuguda | Galvanaed Steels 

Paradeep Carbon Lid. Jagatsinghpur Petroleum Coke 

Passary Minerals Ltd Sundergamh Refractores Raw 
tdatenat 

Pyramid Coke Industrses Private Lruted Coke 

Refcem Prvate Limited Khurgds White Cement 
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Routers Minera Co. Private Limited Bainite Powder 

SLM Meta’ (P) Lid i Sundergarh { Copper tron 6 Bronze 
i Powder 

Shiva Refractones & Ceramics Ltd ! Sundergah | Refractory Materials 

Sn Jagannath Combine Coke Cuttack Coke 

Sn Mahavir Carbon Limated Coke 

Tht (Refractory Unk) Jarsuguds | Refractory Products 

UAL Industries Ltd. Asbestos 


Uta! Galvanisen Pvt. Ltd. Kapursingh Fabrication, Galvanizing 
Urtiat Graphites (P) Ltd. j Rayagads Beneficiation of 
i 


Graphite Ore 
Util Moulders Ltd. i;  Keonjhar Coke 
Vise Steet Ltd. Jajpur Beneficistion 

Chrome Ore 
Weliman incandescer: Indi Ltd Coxe 


Cuttack 


Sour: Orsa State Potter Coote Board Orudbecesay 


Main Mineral Resources In Odisha 


The main mineral resources of the state consist of the 
following: 


i} Iron Ore 

11) Bauxite 

11) Manganese Ore 
iv} Chromite & 

v) Coal 


tron Ore 


The iron ore deposits of the state occur in four District 
Geographic Zones namely: 


a) Sundargarh 
b) Keonjhar/ Gandhamardan 
c) Tamkae. Daitari—~Jajpur/ Cuttack 


_ The district wise distribution of iron ore reserves is 
given in Table 2. 


Batwncite 

The bauxite deposits A by the Directorate of 
Geology. Govt. of Odisha; GSI. MECL etc. together add 
up substantially to the total resources of the state, which 


amounts to 1846 million tonnes of all categories as shown 
in Table 3. 
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Manganese Ore 


The recoverable reserves of Manganese Ore (25% Mn 
and above) in India are estimated at ahout 167 million 
tonnes. The conditional resources (-25% Mn) are estimated 
at 2 million tonnes. Odisha with e recoverable reserves 
of 52.8 million tonnes accounts for 32% of the countries’ 
reserves (Table 4). 


Table 4: Keserves of Manganese Ore in Odisha 


State 
Bonai- Keonhar 


Ghoria}hor- Lanigan ares, Sundergarh Drstrict 


Southern and Westen Odisha 
a) Nisikhal- Talodashi block 


b) Kutinga Devihola 


¢) Balangir- Kalshandt 


On completion of the ongoing exploration program in 
these three sectors. there is a distinct possibility of the 
state reserves exceeding 95 million tonnes. 


Ferro Manganese Plants 


The following Ferro Alloy Plants are operating in the 
atate of Odisha. In the process, they produce various waste 
materials like Ferro Alloy Slags. accompanied by liquid 
and gaseous effluents. The name and location of the Plants 
and their product profiles are furnished in Table 5. 


Table 5: Name and Location of the Ferro Manganese 
Plant and their Product Profites 


Name & Location of the Plants 

FACOR, Randia. Bhadrak: (Charge Chrome Division). 
Randia. Dist Bhadrak 
TATA Steel Ltd, Ferro Manganese Plant. 
Joda, Dist Keonjhar 

TATA Steel Ltd, Ferro Alloys Plant. Bamnipat, 
Dist. Keonjhar 
Batasore Aftloy Ltd, Balgopalpur, Dist Balasore 
{tormerty ISPAT Alloys Ltd J] 


HC Ferro Chrome? 
Charge Chrome 

HC Ferrv Manganese 
Sikco Manganese 
HC ferro Chrome 
Charge Chrome 
Firro Manganese 
Silico Manganese 
Ferro Chrome 


Jeypore Sugar Company Ltd. Ferro Manganese Plant, HC Ferro Chrome 

Dist. Rayagada Siiko fhanganest 

a a er Pa PP rh 
iOCOL Ferro Chrome and Alloys Ltd. Jajpur Road, Jajpur i LC Ferro Chrome 


indian Charge Chrome Lid, Choudwar, Cuttack ! HC Ferro Chrome 
Charge Chrome 
Ferro Sihcon 

HC Ferro Chrome 
} Ferro Cotumbrum 
+ Ferro Atotybdenum 
| Ferro Tungsten 

{ Ferro Vanadium 


iMFA, Therubali Rayagads 


Suparv Metals Alloys Pvt. Ltd. Raltangpur, Mayurbhan; 


Chromite 


~ z= 


The world resources of chrome ore are 7.500 million 
tonnes. India with reserves of 186 million tonnes accounts 
for only 2.5% of world resources. Out of the total geological 
resources of 186.0 million tonnes ir India, Odisha 
accounts for 182 million tonnes, i.e. 98% and the bulk of 
it are confined to Sukinda ultramafic belt. The rest 2°. 1s 
confined to the Baulu-Nuasahi complex. 


Coal 


Occurrence of coal reams has been establixhed along 
the western fringe and along the northern boundary nf 
Talcher Coalfield. A substantial query able reserves has 
hecn Jocated in the northern part of Ib-River Coalheid 
(Gopalpur area) and towards its southeastern extremity in 
Khinda-Talabira area. Occurrence of coal seams has also 
been reported from Ranigan; formation of Ib-River Coalfield 
recently. Table 6 shows the reserves of coal in million 
tonnes. Thus, the state is not yet saturated with coal 
discoveries and morc new findings cannot be ruled out. 


Tab!e 6: Reserves of Cost iin MT) 


The major industrial belt in the states of Odisha (A) 
Kaniha-Talcher-Angul: (B) Jharsuguda-Brajrainagar- 
IB Valley: (C) Knlinganagar-Jajpur Road: (D} NALCO. 
Damanjodi; ¢tE+ Rourkela and (F) Choudwar region produce 
vanous industrial wastes hike Chemical Slags from Iron & 
Steel Plants Slag. Fly Ash and Bottom Ash from Thermal 
Power Plants. Red Mud from Alumina Refinery. Spent 
Cathode Pot Lining Materials (SPL3 from Aluminium 
Smelter etc.. causing environmental hazards. Some of the 
wastes are designated as hazardous wastes hecause of 
their composition and hazardous naturel. There ts about 
S0000 MT/annum of hazardous waste being generated 
in the state of Odisha. The most polluted helt in Odisha 
is Talcher and Jharsuguda region as per the repart of 
Orissa State Pollution Control Board. Table 5 presents 
the installed capacity of different plants in the region. The 
satelhte map of Talcher region clearly shows the loss of 
green cover and creating an environmental disaster in the 
region. This has become a pot boil in the country, where 
temperature goes up to 50°C in the summer. making the 
life of the people most miserable. 


Environmental Management Plan (EMP, £. 


Preparation of cnvironmental management plan is 
required for formulation, implementation and monitoring 
of environmental protection measures during and atter 
the commissioning of projects. The plans should indicate 
the details as to how various measures have been or are 
proposed to be taken, including cost components as may 
be required. The cost of measures for environmental 
safeguards should be treated as an integral component of 
the project cost and environmental aspects should be taken 
into aceount at various stages of the projects: 

@ Conceptualization: preliminary environmental 
assessment 

@ Planmung: detailed studies of environmental in:pacts 
and design of safeguards 
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@ Execution: implementation of environmental} safety 
measures 

@ Operation: momtoring of effectiveness of built-in 
safeguards 
The management plans shuu)d be necessarily based 

en considerations ut resource conservation and pollution 

abatement. some of which are: 

e@ Liqind Effiuents 

e Air Pollution 

e@ Solid Wastes 

e@ Nuise and Vibration 

@ Occupational Safety and Health 

° 


Prevention, Maintenance and Operation of 
Envirmnmenta! Control Systems 


Housekeeping 

Human Settlements 

Transport Svstems 

Rewovery - reuse of waste products 
Vegetal Cover 

Disaster Planning 


Environment Management Cell 
Liquid Effiluents 


e@ Effluents from the industrial plants should be treated 
well with the standards us prescribed by the Central! 
State Water Pelfution Contrul Bourds. 

@ Sail permeability studies should be made prior to 
effluents bring discharged intu holding tanks or 
impoundments and steps taken to prevent percolation 
and groundwater contamination. 

@ Special precautions should be taken regarding flight 
patterne of birds in the area. Effluents containine toxje 
compounds. oi} and grease have been known to cause 
extensive death of migratory birds. Location of plants 
should be prohibited in mich type of sensitive areas. 

e@ Deep well burial of toxic efffuents should not he resorted 
so as it can result in re-surfacing and groundwaier 
contamination. Resurfacing has been known to cause 
extensive damage tv crops and livestock. 

@ Jn all cases, efiorts should be made for reuse of water 
and its conservation. 


Air Pollution 
@ The emission levels of pollutants from different stacks 


should conform to the pollution control standards 
prescribed by tbe Centra} or State Board. 


@ Adequate contro} equipment should be installed for 
minimizing the emission of pollutants from various 
stacks. 

@ In-plant control mensures should be taken tw contain 
the fuptive emissions. 

@ Infrastructural facilities should be provided for 


monitoring the stack emissions and measuring the 
ambient air quality. including micro-meteorological data 
(wherever required) in the area. 

@ Proper stack height as prescribed by the Centra}/State 
Pollution Control Bonrds should be provided for better 
dispersion of pollutants over a wider areca to minimize 
the effect of pollution. 

@ Community buildings and townships should be built 
up-wind of the plant with one-half to one-kilometre 
greenbelt in addition to physiographical barrier. 


Solid Wastes 


@ The site for waste disposal should be checked to verify 
permeability so that no contaminants percolate into the 
groundwater or river/lake. 

@ Waste disposal areas should be planned down-wind of 
villages and townships. 

@ Reactive materials should he disposed of by 
immobilizing the reactive materinls with suitable 
additives. 

@ The pattern of the filling disposal site should be planned 
to create better landscape and be approved by the 
appropriate agency and the appropriately pretreated 
solid wastes should be disposed, according to the 
approved plan. 

@ Intensive programs of tree plantation in the disposal 
areas should be undertaken. 


Noise and Vibration 


Adequate measures should be taken for the control of 
noise and vibrations in the industry. 


Occupational Safety and Heaith 


Proper precautionary measures for adopting 
occupational safety and health standards should be taken. 


Prevention, Maintenance and Operatian of Environmental 
Control! Systems 


@ Adequate safety precautions should be taken during 
preventive maintenance nnd shutdown of the cuntrol 
systems. 

e@ A system of interlocking with the production equipment 
should be implemented. where highly toxic compounds 
are involved. 


Housekeeping 

Proper housekeeping and cleanliness should be 
maintained both inside and outside the industry. 
Human Settlements 


e@ Residential colonies should bv located away from the 
solid and liquid waste dumping areas. Meteorological 
and environmental conditions should be studied 
properly before selecting the site for residential areas in 
order to avoid air pollution problems. 

@ Persons who are displaced or have lost agricultural 


A 2 J 
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lands because of locating the industries in the area. 
should be properly rehabilitated. 


Transport Systems 


@ Proper parking places should be provided for the trucks 
and other vehicles hy industrics to avoid any congestion 
or blocking of roads. 


e Location of industries on the highways should be 
avoided as it may add to more road accidents due to 
substantial increase in the movements of heavy vehicles 
and unauthorized shops and settlements coming up 
around the industrial complex. 


@ Spillage of chemicals/substances on roads inside the 
plant may lead to accidents. Proper road safety signs 
both inside and outside the plant should be displayed 
for avoiding road accidents. 


Recovery - Reuse of Waste Products 


Efforts should be made to recycle or recover the waste 
materials to the extent possible. The treated liquid 
effluents can be conveniently and safely used tor irrigation 
of lands. plants and fields for growing non-edible crops. 


Vegetal Cover 


Industries should plant trees and ensure vegetal! cover 
in their premises. This is particularly advisable for those 
industries having more than 10 acres of land. 


Disaster Planning 


Proper disaster planning should be done to meet any 
emergency arising duc to fire, explosion, sudden leakage 
of gas etc. Firefighting equipment and other safety 
appliances should be kept ready for use during disaster! 
emergency, including natural calamities like earthquake? 
flood. 


Environment Management Cell 


Each industry should identify within its setup a 
Department Section/Cell with trained personnel to take up 
the model responsibility of environmental management as 
required for planning and iniplementation of the projects. 


Environmental! Management Practices 
Outline 


Mining industries perform various activities such 
as extraction of minerals. processing of minerals and 
transporting of these minerals to market place. Years 
of unregulated mining And mineral processing activities 
like drilling, blasting, crushing and other ussociated 
activities have not come without high environmental 
costs. In comparison with other sectors, the potential 
social and environmental issues associated with mining 
and mineral processing operations are both significant 
and complex to manage. The discovery, extraction and 
processing of mineral resources is widely regarded as 
one of the most environmentally and socially disruptive 
activities undertaken by business!3!. As it is associated 


with fow investment capacity and poor working conditions. 
which enforces the use of traditional technologies and 
unskilled manpower. which ultimately negatively affects 
productivity and maintenance of equipmentl4). This resulta 
in the consumption of more energy and the grneration of 
more waste, making it most polluting sector. The negative 
impact of mining on health. land. water. air. planta and 
animals. and other aspects of society can be reduced by 
careful planning and implementation of mining activities. 
It is essential to strike a balance between mineral 
developments on one hand and the restoration of the 
environment on the other. 


Mining Scenario in India 


Minerals are the basic raw materials. which contribute 
to the growth of both industrialized and industrializing 
countries; judicious utilization of mineral resources 
promotes the economic development of a nation and its 
people. India is rich with various mineral recourses. which 
include fossil fuels. ferrous and non-ferrous ores and 
industrial minerals. Globally, India ranks among the top 
tive players in terms of production of several important 
minerals. Since 1947. India’s mining industry has shown 
rapid growth. In the pre-plan period prior to 1950. India 
produced 24 types of ininerals with a total value of US$23 
milliont5!. Today. it produces 90 minerals, with a projected 
total value to touch over $36 billion (about Rs. 1,27. 662 
crore). accounting for about 2.5% of the GDP in the next 
four vears!5!. Public sector mines comprise Y1°e of the 
nation's total minera) value, even though 80°. of mines 
are privately owned. By 1996-97, India had .4&8& mines. 
Of theze, 563 were coal, 654 were metals and 2.271 were 
non-metals!’l, The growth in Indian mining industries 
due to suitable policy and investment climate supported 
by favourable market demand has intensified the ndverse 
impact on the environment. 


Technica! Barriers 


Many mines and mineral-based industries in 


_Tnidin are cither not aware of the current version of 


technologies or fail to identify the areas. where these 
advanced technotogies could be utilized. In the event that 
possibilities for the advanced technolugies have been 
identified, at some of the mines, shortage of expertive 

is experienced. Unfortunately, international standurds. 
which are designed generically and hence, onlv provide 
general guidance. tend little in the way of methods to 
implement practical industrv-specific environmental 
mansgement practicesl"!. Fixed location of the mineralized 
zone of interest imposes a constraint on all aspects of 
mining development. including the method of inmining, 
the requirement fur new infrastructure and services. 

and the suitability of waste nanagement or. disposal 
muethodsisl, 


Mining and mineral-based industries in India have 
their own setup of technologies, mostly imported, which 
provides guidelines for eperanon of mining and the related 
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industrial enterprise. The te-hnology suppliers provide the 
complete technology package with opersting guidelines 
for daw:to-day mining and production Engineering 
consultancy firms have provided required engineering 
backup fer the sume. Furthermore. Cuntinued Technical 
Assstance (CTA) 3s also provided by the technology 
supphers. Equipment and Machinery suppliers dou also 
provide aperstiuns and instruction manual for safe 
vperstiop of mining and plant equipment. Operating 
Personne! also underge technical trainings for smouth 
upération of plant and machineries. Natetv. health and 
environmenta! issties are given due importance during the 
course of the ent operation process. 


However. in spite of all these measurcs, technical 
barriers do exist and all necessarv steps should he taken to 
effectively address the environmental management issues 
to maintain Kralthy management practices. 


Lack of Monagement Commitment 


Top management in most of the mung companies is 
less Concerned over envirenmenta} iseues and reluctant 
to allocate adequate financial. technvlogicul and human 
resourres Lo impiement the green management practices. 
There is also an inevitable amount of hesitancy by 
top management towards implementation of green 
management practices as it involves huge amount of 
documentation work and a serious non-compliance 
uncovered dunng the environmental auditing process 
might lead to social outery ar. even legal actjont#l. 


Lock of Employee Commitment 


Mining companies do not have a proper performance 
evaluation system: the¥ alse do nol have a proper 
rewarding scheme for the emplovees tn motivate them 10 
be held responsible for protecting the environment. The 
roles. responsibilities and authority of the staff are neither 
properly defined nor communicated to all organizational 
members. This leads to confusion amonzg stails regarding 
their responsibilities and poor mativation towards 
environmental protection practices 


Lack of Awnreness 


Poor awareness regarding environment among 
politicians. citizens. and bureaucracy is compounded 
by luw levels of literacy and the puor mass media 
concern{!). Regulators at all levels are severely limited 
by lack of adequate & useable information as also clarity 
and definition on several aspects pertaining to mining 
uperalons. This creates necessary gaps for illegal 
operations te function and flourish uncheckediS;. Another 
serious prublem in this regard is the veil of secrecy 
matntained by the Government Department and the 
genera! non-availability of information on environmentally 
sensitive issues!! i. Workers and trade union leaders are 
generale not aware of uwcupational health problems. 
Managements alse are unaware of opportunities for cost 


savings in the areas of waste reduction or elimination of 
pollution. energy-efficiency and prevention & mitigation of 
accidents. 


inappropriate Approach to implementation 


Many enterprises mistakenly begin implementation 
immediately, following an initial environmental diagnosis 
without critically reviewing ohjectives and policies{!2), 
Top management often ignores refining pertinent 
environmental objectives and actions, and canduction of 
multiple environmentsl reviews hefore implementing the 
environmental management practices. Indian mining 
sectors lack effective monitoring system. whose primary 
purpose is to assess the mine's actual environmental 
performance against thc stated environmental 
policies, objectives and targets. Administrative delays, 
apathy and inadequatc personnel trauung and lack of 
interdepartmental coordination during implementation 
prevent environmental protection and improvement. 
Short-term focus is another contributing factor in failing to 
achieve the desired environmental culturel?l, 


Suggested Road Map 


Some of these challenges for inplementation of green 
inanagement practices in Indjan mining industries have 
been suggested. Identification of potentiul harriers can 
help a manager develop strategies to minimize the impact 
of those barriers. At present. mines in India confronted 
by these barriers remain heavy polluters, or. at best. 
stagnant in terms of environmental performance. Regional 
Government must play an expanded role in disseminating 
valuable information and technology to mines. The 
government has also an important role to plav in providing 
training opportunities and in ensuring that safety and 
health regulations are appropriate and arc observed. 


RED Efforts for Waste Utilization 


R&D efforts for waste utilization is & major challenge 
for the scientific communities. particularly in the 
ferrous and non-ferrous sectors, pertaining to iron ore, 
bauxite, manganese ore, chromite and coal. The present 
paper describes only on R&D efforts undertaken for the 
utilization of solid wastes. 


R&D Efforts in Iron Ore Sector 


Solid waste materials generated in iron ore sector 
generally are iron ore Anes, slimes, blue dust, blast furnace 
slags, steel mill slags, mill scales etc.. in addition to 
gasvous and liquid effiuents. 


Efforts have been made to produce value-added 
materials from iron ore fines and slimes through pyro- 
metallurgical route for production of sinters. Direct 
Reduced Iron (DRI), and metallic iron. All these products 
have been properly characterized and their industrial 
applications have been established. Novel innovative 
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practices have also been employed for the production of 
Green Stee! from iron ore fines by application of Hydrogen 
Plasma Smelting Reduction process, therehy developing 
an eco-friendly process for steelmaking contrary to the 
conventional Blast Furnace route. In this process, water 
is generated as by-products, which can be utilized in the 
commercial plant. 


R&D Efforts in Bauxite -~Alumina-Aluminlum Sector 


Alumina is produced from bauxite, utilizing the time 
tested Bayer's process. It has heen estimated that from 
3 tonnes of bauxite, 2.0 tonnes of Red Mud and 01 tonne 
of alumina are produced. Bauxite is digested with caustic 
soda and alumina present in bauxite goes into solution 
producing sodium aluminate liquor and the residual metal 
oxides predominately dominated by ferric hydroxide gets 
precipitated us Red Mud, which is pumped in the slurry for 
into the nearby pond. Red Mud. being caustic in nature, 
has heen termed as a hazardous waste material and is to 
be handled with due care and precautions. 


R&D efforts have been made for the production of 
different value-added items from Red Mud such as 
Recovery of Iron from Red Mud; Red Mud Bricks, Blocks 
und Tiles; Red Mud Fibre Reinforced Polymer composite 
for building components as wood substitute; Red Mud 
Cement; Red Mud as goil amending agentes; Red Mud 
Paints and Pigments: Red Mud -Fly Ash, Bricks. Blocks 
and Tile; Green Steel from Red Mud by application of 
Hydrogen Plasmn Smelting Reduction Technology etc. 
Necessary process knowhow technology is available for 
commercial exploitation. 


In the aluminium smelter. Spent Cathode Pot Lining 
Materisl (SPL) is generated. which is considered as a 
hazardous waste materisl in aluminium industries. SPL 
contains fluorides and cyanides and is properly stored in 
the plant premises with due care and as per the guidelines 
of Pollution Control Board. R&D efforts have been made 
for utilization of SPL in cement-making. Lot more efforts 
need to be undertaken for its bulk utilization. 


R&D Efforts in Manganese Ore Sector 


During the mining of Mungancese Ore, Manganese Orc 
fines are produced containing a good amount of manganese 
and needs to be exploited for the production of value-added 
items. R&D efforts have been made for the production 
of manganese sinters from manganese ore fines, which 
is then used in Submerged Arc Smelting Furnace for 
the production of Ferro Manganese. Ferro Manganese is 
utilized for the production of special manganese steel. 


R&D Efforts in Chromite Sector 


Odisha is endowed with rich chromite reserves, 
particularly in the Sukinda region of Jajpur district. 
Dunng mining of one tonne of Chrome Ore, 6-7 tonnes 


of Chromite Over Burden (COB; sre generated. which 
stock piled in the mining area containing a gond amount 
of nickel from 0.3 to 0.9", according to the depth of the 
mining. R&D efforts have been made to process this 

COB for the production of pure Nickel by application of 
Reduction Roasting. followed by an Ammonical Leaching 
process. Efforts have also heen made for the production of 
nickel bearing pig iron by sintering and smelting process 
and Ferro Nickel bv Reduction Roasting. followed hy 
Magnetic Separatinn and Smelting Process. 


R&D Efforts in Coa! Sector 


Coal reserves of Odisha contain high ash content. which 
needs to be beneficiated prior to its use in metallurgical 
applications. R&D efforts have been made in this direction 
and coal of high ash content have been hbeneficiated 
successfully to reduce it from 38 tu 13“. This low ash 
content coal is utilized in coke-making for metallurgical 
application. 


The coal of high ash content, used jn Thermal Power 
Plants. generates huge quantities of Av ash. which is 
considered as an industrial menave. K&D efforts have heen 
made in the bulk utilization of fly aah and resulta in this 
direction have been very promising. Flv ash bricks and 
blocks, fiv ash cements. fly ash-red mud bricks and blocks 
etc. have heen successfully made in large quantities under 
a pilot scale and state-of the-art technology have been 
developed for commercial utilization. 


Fly ash finds large scale applications in road making. 
back mine filling. cement manufacturing and other such 
construction sector sucecessfullv. However, further efforts 
are required at national level to enhance the percentage of 
utilization te match international scale. 


Future Prospects 


The future prospects of waste utilization lie with the 
development of new technologies and its scale of operation 
for bulk utilization. Furthermore. techno-eeanomic 
feasibility of the process know-how is to be established and 
socictal acceptahbiliiy of the product is most essential. A 
strong synergy amongst ‘Technology Developers. Industrial 
Houses, Entrepreneurs, Academia. Research Institutes. 
Government Agencies and Society is the key factor for 
the successful atilization of wastes. The strategy should 
be “Waste to Weslth” and technology should play an 
important role in this endeavour so that national goal is 
achieved for all-round growth and economic prosperity of 
the country. 


Acknowledgement 


The authors ure grateful to Frou. B. K. Mishra. Director. 
CSIR-IMMT. Bhubaneswar for his continued support and 
cooperation during the course ut the wirk and for granting 
permission to publish the puper. 


Digitized by srujanika@gmail.com 


Strategy for Development of Mineral Based Industries in Odisha 


Reterences 
1. H.P. Misres. B. Bhoi and C. R. Mishra. “Promotion of 


semi-commercial units for utilization of industrial and 
mineral wnstc for production of valne-added items 
under the umbrella of technology development centre", 
Metal Asia. December 2015, pp. 34-41. 


http://www.moef.gov.in/citizen/specinfoemp.htm!) 


$ 


H. Jenkins. and N. Yakovleva. Corporate social 
responsibility in the mining industry’ exploring trends 
in social and environmental disclosure. Journal of 
Cleaner Production. 2006. 14: 271-284. 

4. D. O' Connar. and D. Turnham. ‘Environmental! 
management in developing countries: an overview’, 
Development and International Cooperation, 1991, 3 
{13): 75-100. 

5. S§. Khatua and S. Stanley. Integrated Rural 
Development of Weaker Sections in India. 

Ecological debt: a case study from Orissa. India, 
2008, http://www .ecologicaldcebt.org/publicaciones! 
Chapter5(125-168).pdf 

$. G. Singh. Environmental issues with best management 

practices of responsible mining. In 20th National 


mol 


10. 


11. 


12. 


Convention of Mining Engineers. Neyveli Local 
Centre: India. 

G. Hilson and V. Nayee. Environmental management 
system implementation in the mining industry: a key 
to achieving cleaner production. International Journal 
of Mineral Processing, 2002, 64: 19-41. 

Ministry of Mines. Preparation of sustainable 
development framework for Indian Mining sector. 
2010. Reference: 17638.301. 

A. H. Quazi. Implementation of an environmental 
management system: the experience of companies 
operating in Singapore. Industrial Management & 
Data Systems. 1999, 99 (7): 302-311. 

B. Bowonder. Environmental Management Problems 
in India. Environmental Management, 1986, 10 (5): 
599-609. 

M. K. Ghose. Indian small-scale mining with special 
emphasise on environmental! management. Journal of 
Cleaner Production, 2003. 11: 159-165. 

M. Hale. Training for environmental technologies 
and environmental management. Journal of Cleaner 
Production, 1995. 3 (1-2): 19-23. 


* Source: Iron and Sicel Review, Vol. 60, No. 1, June 2016. pp94-105. 


Digitized by srujanika@gmail.com 


Importance of Establishment of Technology 
Development Center 


Digitized by srujanika@gmail.com 


Digitized by srujanika@gmail.com 


Strategy for Development of Mineral Based Industries in Odisha 


Keywords: Industrial and Mineral Wastes, Semi-commercial Scale Units Valuc-added Items 


Promotion of Semi-Commercial Units 
for Utilisation of Industrial & Mineral 
Wastes for Production of Value-added 
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Bhubaneswar Bhubaneswar 


The state, Odisha, is rich with mineral resources along with a long stretch of coastal line covering o distance of around 450 
km. Further, it is backed by rich cultural heritage over and obove one of the best natural resources, forest ecosystem and water 
resources, etc. The state Is also endowed with vast coal! reserves for production of thermal power in addition to hydroelectric 
power for catering to the energy requirement of the state. The academic and research climate of the state is one of the best 
in the country, attracting talented human resources from alt over the country for building up their career in the state. The 
state capital Bhubaneswar Is now termed as the Academic and Research capita! of the country. The state has 22 Universities 
backed by around 100 Engineering and Technological! Colleges in addition to HT, NM. ISER, NISER, Central University, etc. 
Moreover, during the last one decade or so, the state has witnessed progressive development in all spheres of economy be it 
Hotel Industry, IT Industry, MSME (Medium and Smal! Scale Enterprises) Sectors, Communication Technology. Infrastructure 
Development, Airways, Roadways, Railways and Waterways, etc. The industrial landscape of the state is changing and is 
changing at a faster pace adding substantially to the Gross Domestic Product (GDP) of the nation. In spite of all such valuable 
assets, Odisha still continues to be one of the poorest states of the nation ranking 34 in seriatim. 


The various waste materials and by-products, generated by the industries of the state are required to be used for production 
of different value-added items. Furthermore, wastes generated from mining and mineral activities are also to be property 
tapped for the said purpose. Presently, research activities in industries, academia and research institutes in this directton 
are confined primarily into laboratory/pilot scale research and there is an urgent need to scale up the operation into semi- 
commercial scale. This can be realised by setting up of a “Technology Development Centre” in the state where the successful 
laboratory/pilot scale projects can be scaled up to semi-commercial scoles. The present poper describes the importance of 
promoting the development of semi-commercial units for utilisation of Industrial and mining wastes for production of value- 
added items under the urnbrella of “Technology Development Centre" 


Introduction will be sustainable and it will grow at par with the gromth of 


A - national GDP. Howcryer, industrial umts operating ether 0 
Today's fas\-peced world envisages Technology’ as the most the state or in the country are primarily depending on import 


basic too! of any industry: and it should be techno-commercially of technelugy at an cexurbitant cost and continue to depend 
feasible and economically viable. Then and then only. an industry on the same during the project implementation operation 
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maintenance, modernisation, expansion and diversification stages, 
ctc thereby siphoning out huge amount of money to the foreign 
exchequer Industries depend mainly on import of technology 
and Continued Technical Assistance {CTA) is rendered by the 
technology supplier till the lifespan of the project. This trend 
i+ required to be reversed and that is only possible through 
dependence on indigenous technology and application of the 
same for setting up industrial enterprises. For this to happen. 
dedicated Scientitic and Technological Collaborations is a must 
amongst the Academia, Research Institutes and industrial Houses. 
But, the problem lies with the fact that industries do not trust 
aur scientific manpower and they have a typical mindset of 
depending on import of technology over thc years. They are also 
correct because the National Laboratories and Academia, which 
are considered as the Technology Bank of the Nation, are unable 
to provide a Proven Technology and a Full Proof Technology 
Package to the industries so that they can go ahead for setting up 
commercial entities. What they provide is at best a Laboratory/ 
Pilot Scale Technology based on which industries are unable to 
take Investment Decisions for setting up commercial ventures. 
So, there is a need to scale up the technology from the l.aboratory 
# Pilot Scale to Semi-Commercial Scale and develop a Complete 
Technology Package and prepare a Techno-Economic Feasibility 
Report {TEFR) and Basic Engineering, so that industries will 
come forward to join hands with the Academia and Research 
Institutes to avail the golden domestic opportunity for realisation 
of their industrial dreams. 


The relevance of “Promoting the Development of Semi- 
Commercial Units for Utilisation of Industrial & Mineral Wastes 
for Production of Value-added Items under the Umbrella of 
Technology Development Centre” is more pronounced these 
days towards the industrialisation of Odisha. No doubt, our 
state is endowed with rich mineral resources and has got a long 
coastal line with diversified ecosystem. But for promotion of 
development of semi-commercial units for production of value- 
added items from industrial & mineral wastes needs planned 
and sustained growth of infrastructure, i.e. railway and road 
connectivity, water and power supply arrangement and port 
facility, etc. in addition to strong S&T collaborations amongst 
Academia, Research Institutes and Industries. 


At present, we are deprived of such Semi-Commercial 
Units wherc the Laboratory/Pilot Scole Technology can be 
repeatedly tried out till the technology is proven and acceptable 
to industrial houses for commercialisation of process know-how. 
Such Semi-Commercial Units can be set up in a Technology 
Park, which can be designated as “Technology Development 
Centre" This centre can house many semi-commercial units for 
utilisation of industrial and mineral wastes for production of 
different value-added items. Furthermore, a Marketing Cel! is 
required to be set up in the centre to undertake Market Survey 
of such value-added items. so that these value-added items can 
penetrate into the market economy in their bulk consumption 
both in the country and abroad. The Technology Development 
Centre will develop technology, market technology, develop 
value-added products from industrial and mineral waste and 
market the same domestically and globally. 


Location of Technology Development Centre 


There arc three options available betore us to locate 
Technology Development Centre in the state. The centre can be 
set up either in the premises of Academic Institutions, Research 
Organisations and industrial Houses. 


Academic institutions 


The Academic Institutions are busy in their day to day 
classroom teachings, examinations, sports & cultural activities. 
NCC, NSS, College Union activitics, Excursions, Industrial 
Tour, Convocations, Seminar & Symposiums and M. Phil. and 
PhD Research programs, etc. They are hard pressed to achieve 
academic excellence and have practically no time to devote to 
the Technology Development Centre. 


Research Organisations 


The second option lies with the Research Organisations 
working in the state of Odisha. Of late, many National S&T 
Institutes are operating in the state of Odisha and they are engaged 
in the various fields of R&D actjvities to achieve the national 
goal. They are mainly engaged in development of Minerals 
and Materials Technology, Life Sciences, Medial Research, 
Agricultural Research, Bio Technology, Nano- Technology, 
Information Technology, Plastic Engineering and Technology. 
Material Sciences, Geo Sciences and Technology, Earth Science 
and Technology, Earth Atmospheric and Oceanography, Disaster 
Management, Weather Science and Meteorology, Physical 
Sciences and Technology, Fishery, etc. They have their respective 
research plans and programs and arc engaged in development 
of new technologies. They have their own scheme of things and 
also have their own limitations and constraints, be it financial, 
infrastructural, technical manpower or other associated issues. 
Moreover, intra-institutional linkages and linkages with industrial 
houses and academia are also limited. So, the possibility of setting 
up of semi-commercial units within the institutional framework 
seems to be foggy and may not be so feasible. 


industriol Houses 


From the above two alternative concepts, it may be evident 
that setting up of semi-commercial units from industrial and 
mineral wastes for production of value-added items cither in the 
premises of Academic Institutions and Research Organisation 
may not be feasible from a practical point of view. As a result, the 
responsibility lies with the Industrial Enterprises and they should 
come forward to shoulder this important national responsibility. 
Industrial houses have their own commercial production 
facilities backed by sound infrastructural facilities, required 
manpower base, water and energy resources, raw materials, 
etc. to support for setting up of such semi-commercial units 
for production of different value-added items from industrial 
wastes. Each and every industry can have their own semi- 
commercial production facilities to treat the waste materials 
generated by them for production of different valuc-added items. 
Furthermore, industrial houscs have their marketing network 
both in the country and abroad for marketing the value-added 
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product in a cost-competitive manner. So, the proposition of 
setting up of semi-commercial units for production of different 
value-added items from industrial and mineral wastes in the 
premises of respective industrial entities may be rightly justified, 
looks more reasonable and attractive. These semi-commercial 
production units can function under the umbrella of “Technology 
Development Centre” with strong collaborations with different 
Academia and Research Organisations. 


Industrial and Mineral Wastes Generated in Odisha 


Odisha is a mineral-rich state that has huge deposits of Iron 
Ore predominantly in the tribal regions of the state. Besides iron 
ore (more than 35% of the country's iron ore reserves with 5231 
million tonnes of iron ore), it counts for 26% Coal and 67.6% 
Manganese reserves of the country. About 98% of the total proved 
Chromite (Chromium ore) reserves of the country, of which about 
97% occur in the Sukinda Valley covering approximately 200 sq. 
km in the Jajpur district, is used for production of Iron-Chromium 
alloys (Ferro-chrome). The state has world’s 4 largest bauxite 
reserves with a total deposit of 1805 million tonnes constituting 
about 58% of the country’s total reserves of the ore that is used 
to make Aluminium. The Mineral Map of Odisha and Mineral 
based Industries is shown in Fig. 1 and Fig. 2. Based on all these 
ores and mineral reserves, various industries have been set up in 
the statc. The list of Mineral-based Industries in Odisha (Large 
and Medium Scale Industries) is shown in Table 1. 
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Main Minera! Resources in Odisha 
The main mineral resources of the state consist of the 
following: 
i) Iron Ore 
ii) Bauxite 
iii) Manganese ore 
iv) Chromite & 
v) Coal 


iron Ore: 


The iron ore deposits of the state occur in four District 
Geographic Zones namely: 
a) Sundargarh 
b) Keonjhar/Gandhamardan 
c) Tamka, Daitari—Jajpur/Cuttack 


The district wise distribution uf iron ore reserves is given 
in Table 2. 
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RSP (CPP). Rourkels Power 
Sita Cemen! (Sundargarh). Cement 
Telighmna, Kitrs 
Sushila Leniene (P) Lid. Cement 
frnda] Stainless (CPP). Loldspecis Power 
Kapilesh Cemert Works of Cement 
M/s OC india Ld, Bimal, Barunia 
Vedanta Aluroinim Ud, Aluminium & Power 
Bhurkhamunda 
Annu Ceramics Ceramic Product 
Escar Ker | hjpur | CLO & Ore Fines 
FACOR Ferro Alloys 
Ferro Alloys Plamt, TISCO, Charge Chrome 
Bamnipel 
Ferro Manganese Plant, TISCO, Jods Keonjhar Ferro Alloys 
G. KW Lid (Porimex Steed ltd.) Steel & Alloyed Ste 
Hiranya Gerva Chins Clay & Benefication 
Minera) (P) Ltd. (China clay) 
1. B. Industry Ltd [ Dhenkana! | Coke 
1.8. P Co ltd. Explosive 
1.B P Co lid Explosive 
LC CL (CPP) Ferro Alloys 
TFGL Refractory (Unit-1 & Unit-T} Refractories 
LR E{OSCOM) Synthetic Rutile. 
Zifflour 
1DCOL Ferro Chrome Plant Ferro Alloys 
IDL Industries Lid. Explosive 
{MFA (F-1, F-2 & F-3) Kayagada Ferro Alloys 
Indian Explosrve Lid. Explosive 
Indian Explosive 12d. Explosive 
Indo Gulf Industries Ud. Explosve 
IPI Steel Lud (F-1 & 11) [| Dhenkanal | Reroling 
Ispat Alloys Ld - Fel. F-2. F-3, F4. F-S | Baleswar | Ferro Alloys 
Ispai Chrome Lid. | Baleswar {| Chrome Briquetting 
Jaimata Ambe Steels (P) Lud Casting 
Jeypore Sugars Company Lid. Rayagada Ferro Alloys 
(Ferro Mn. Plant} 
Kalinga fron Works, Keoojhar Cuttack Coke 
Pig Iron, Konark Met Coke Lid 
Krrpal Alloys Stee! {P) Ld. Auto Components 
Kripa! Spring (P) Lad. Auto components 
Kumar Ceramics (P) Ltd | Baleswar | Refractory Products 
Magentic Indu Lad. Khurda Hard Ferrite 
Mahanadi Metals & Chernicals (P) Lid. Explosive 
Manusri Refractories & Ceramics | Cunack | Refractory Products 
NALCO Lud. (Pilot Plant} Special Grade 
Aluminium 
NALCO Lid, (Refinery Unit) | Korapat | Aluminum Refinery 
NALCO Lid. (Zeolite) | Koraput | Zeolite 
Nave Bharat Ferro Alloys Ud, (F- 1 &11)] Dhenkanal | Ferro Alloys 
Nilachal Refractories 1d. | Dhenkanal | Refractory Products 
OCL (Refractory Unit) Refractory Products 
Ordmance Foctory Explosive 
Orissa Explosives (P) Ltd Explosive 
Orissa Industries Ud. Refractory Bricks 
Orissa Industry Lid, (Barang) Cuttack Refractory Bricks 
Padma Engineers (P) Laud. Gahanired Steels 


Paradeep Carbons Lid. Petroleum Coke 
Passary Minerals Lid. Sundargarh Refractories 
le = 
Pyramid Coke Industries (P) Ud. | fajpur | Coke 
Refcem Pri. Lid. | Khards | White Cement 
Rourkela Minerals Company (P) Ld. | Sundargarh | _Buinite Powder 
S.L M. Metals Copper. Iron & Bronze 
Powder 
Shiva Refractories & Ceramics ld. Refractory materials 
Si hpnnath Combine Coe | Gutsk | Coke 
Sri Mahavir Carbon Lad. । Ot । Coke 
TRL, {Refractory Unit) Refractory products 
Utkal Asbestos Lud. | Dhenkandl | Asbestos 
Utkal Gilvanisens (P) Ltd, Kapursingh | Cutsck | Fabrication, Galvanizing 
Uke] Graphites (P) Lid. Benification of 
Graphite Ore 
Utkal Mounders Ltd | Keonjhar | Coke 
Visa Industries Ud. Jajpur Benification 
Chrome Ore 
Wellman Incandescent India Ud. Coke 


Source. Ors Sute Pollution Control Board. Shubencresr 
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Bauxite Ore 


The deposits of Bauxite are explored by the Directorate 
of Geology, Govt. Odisha; GSI, MECL, etc., together add up 
substantially to the total resources of the state, which amounts 
10 1846 Million Tonnes of all categories as shown in Table 3. 
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Total Bauxite Reserves of Odisba is 1846.0325 Million tonnes 
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Manganese Ore 


The recoverable reserves of Manganese Ore (25% Mn and 
above) in India are estimated at about 167 million tonnes. The 


Labh ob Re seeva et Mangoes Orc an thtishs 


Ghorlajhor- Laingan area, Sundargarh District 


South and Western Odisha 
a) Nisikhal- Talodashi block 
b) Kuttinga- Devjhola 


¢) Bolangsr- Kalahandi 


conditional resources (-25% Mn) are estimated at Z million 
tonnes. Odisha with a recoverable reserve of 52 8 million tonnes 
accounts for 32% of the countries reserve (Table-4). 


On completion of the ongoing exploration program in these 
three sectors, there is a distinct possibility of the state reserves 
exceeding 55 million tonnes. 


Ferro-Manganese Plants 


Below mentioned is the list of different Ferro- Alloy plants 
operating in the state of Odisha. In the process, they produce 
various waste materials like Ferro-Alloys Slags, accompanied 
by liquid and gaseous effluents. The name and location of the 
plants and their product profile is furnished in Table 5. 


Er Nr 
Le oe 

Name & Location of the Plants 

FACOR, Randia, Bhadrak (Charge-Chrome Division), 

Randia. Dist Bhadrak 

TATA Ste€ Ltd, Ferro-Manganese Plant, Joda, 

Dist Keonghar 

TATA Stee Ld, Ferro-Alloy Plant, Bamnipal, 

Dist. Keonghar 

Balasore Alloy itd, Balgopalpur Dist. Balasore 

{Formerly ISPAT Alloys Ltd } 


Jeypore Sugar Company Ltd. {Ferro- Manganese Plant}, 
Dist Rayagada 

IDCOL Ferro- Chrome and Alloys Lud., Jajpur Road. Jajpur 
Indian Charge Chrome Ltd, Chaudwar, Cuttack 


IMFA. Therubali, Raygada 


Suparv Metals Alloys Pv. Ltd, Rairangpur. Mayurbhanj 


Chromite 


The Chrome Ore deposits account for 7,500 million tonnes 
in the entire world. India, with a reserve of 186 million tonnes. 
accounts for only 2.5% of world resources. Out of the total 
geological resources of 186.0 million tonnes in India, Odisha 
accounts for 182 million tonnes, i.e. 98% and the bulk of it is 
confined to Sukinda ultramafic belt. The rest 2% is confined to 
the Boula-Nuasahi complex. 


Coal 


The Coa! reserves of the state have been established along 
the western fringe and also along the northern boundary of 
Talcher Coalfield. A substantial reserve has been located in the 
northern part of Ib-River Coalfield (Gopalpur area) and towards 
its southeastern extremity in Khinda-Talabira area. Occurrence 
of coal seams has also been reported from Ranigan) formation 
of Ib-River Coalfield recently. Table 6 shows the reserve of 
coal in million tonnes. Thus, the statc is not yet saturated 
with coal discoveries and many more new findings cannot be 
ruled out. 
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The significant industrial belts in the state of Odisha are: (A) 
Kanhia-Talcher-Angul; (B) Jharsuguda- Brajrajnagar-IB Valley; 
(C) Kalinganagar-Jajpur Road; (D) NALCO, Damanjodi (E) 
Rourkela and (F) Choudwar Region produce various industrial 
wastes like Chemical Slags from Iron & Steel Plants Slag, Fly Ash 
and Bottom Ash from Thermal Power Plants, Red Mud from 
Alumina Refinery, Spent Cathode Pot Lining Materials (SPL) 
from Aluminium Smelter, etc. causing environmental hazards. 
Some of the wastes are designated as hazardous wastes because 
of their composition and natural hazards. There is about 80000 
Muannum of hazardous waste being generated in the state 
of Odisha. The most polluted belt in Odisha is Talcher and 
Jharsuguda region as per the report of Orissa State Pollution 
Control Board. Table 5 presents the installed capacity of different 
plants in the region. The satellite map of Talcher region clearly 
shows the loss of green cover and creating an environmental 
disaster in the region. This has become a pot boil in the country 
where temperature goes up to 50°C in the summer, making the 
life of the people most miserable. 


R&D Efforts made towards Utilisation of Industrial 
& Mineral Wastes for Production of different value 
-added items 

So far, we have discussed about the production of various 
Industrial and Mineral wastes generated by different industrial 
sectors in the state. It is now pertinent to focus our attention 
for bulk utilisation of such industrial wastes for production 
of different value-added items through setting up of Semi- 
Commercial Entities preferably within the premises of different 
industries following the laboratory/Pilot Scale pathways. 
Researchers working in Academia, Research institutes and 
Industrial Houses undertake their own R&D activities in this 
area. Major achievements in this direction can be described as 
follows: 


iron and Steel Sectors 


The existing route of producing iron in Blast Furnace is 
accompanied by environmental hazards for which researchers are 
on their toes to come up with an eco-friendly alternative. Blast 
Furnace route produces slags associated with emission of gaseous 
effluents. From these slags, Slag Cements have been prepared, 
which have been accepted for use in construction and allied 
sectors. Recently, CSIR-IMMT, Bhubaneswar have developed a 
novel state-of-the-art Technology for production of Green Steel 
from iron ores/fines and associated iron bearing materials like 
Red Mud/Mill Scales/Blue Dust, etc. This process is unique and 
completely environmentally-friendly and has been proved both 
in laboratory and bench scale. The process is fully carbon-free 
and the only by-product produced in the process is water. This 


water can be utilised in the process when the process is scaled 
up to commercial scale. Further efforts are underway for scaling 
up of the process to pilot scale in collaboration with different 
Small and Medium Enterprises and Iron & Steel Plants of India. 


Alumina ond Aluminium Sectors 


During the process of digestion of Bauxite with Caustic Soda 
for production of Alumina utilising the Bayer's Process, Red Mud 
is produced, which is pumped in the slurry form and is stored in 
the nearby Red Mud Pond. Red Mud is considered as a Hazardous 
Industrial waste and Researchers have been struggling hard 
over the years to find out suitable avenues for bulk production 
of Red Mud. Red Mud contains around 50% of Fe,O; and can 
be suitably considered as an Iron Ore. Efforts have been made 
for extraction of Iron from Red Mud, Production of Red Mud 
Cement, Red Mud Fiber Reinforced Polymer Composites for 
Building Components as Wood Substitute, Red Mud Bricks, 
Red Mud Paints and Pigments., Recovery of Titanium Oxide 
from Red Mud, Recovery of Alumina From Red Mud, Red Mud 
Soil Amending Agents, etc. However, these efforts are limited 
to laboratory scale only and further efforts are warranted for 
its bulk utilisation. 


In Aluminium Sector, Spent Cathode Pot Lining Material 
(SPL) is generated, which is considered as a hazardous waste. 
This is stored with lots of safety measures as it is associated with 
Fluorides. This material finds application in Cement Industry 
and SPL Cement has been developed. 


Ferro-Alloys Sectors 


When we look at the Ferro-Alloys Sectors, like Ferro- 
Manganese, Ferro-Chrome, Ferro-Silicon, Ferro-Titanium, Ferro- 
Vanadium, Ferro-Nickel, etc., lots of pollutants are generated 
during the process of mining and also during the production of 
such alloys. During the mining of one tonne of Chromite, around 
7 tonnes of Chromite Over Burdern (COB) is generated and 
which is stockpiled at the mine site, causing great environmental 
hazards. This Chromite Over Burden (COB} contains around 
0.5 to 0.9% Ni and is considered as the only source of Nickel 
available in Odisha, India. CSIR-IMMT Bhubaneswar has 
successfully developed a technology for extraction of Nickel 
from Chromite Over Burden (COB) and production of Ferro- 
Nickel from the same. Production of Ferro-Nickel from COB 
has been tried out successfully both in the laboratory and Pilot 
Plant Scale. Production of low carbon Ferro-Manganese has also 
been successfully achieved. Further, Pigment Grade TiO, has 
been produced from Itlimanite, Production of Fe-V and Fe-Si 
have also been achieved in laboratory scale. 


R&D Efforts in Cool Sector 


Indian coal often shows a high ash content, which is 
unfavourable for use in metallurgical industries. Efforts have 
been made by CSIR-IMMT, Bhubaneswar, to develop a novel 
technology to produce clean coal, zero waste technology for 
processing and utilisation of thermal coal, development of 
process for production of grapheme from natural graphite, 
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effect weathering on coal properties and characterisation of bore 
hole coal, etc. CSIR-IMMT, Bhubaneswar is considered as the 
National Leader in the field of Advanced Mineral Processing and 
has made many milestones in Mineral Processing Technology. 


Efforts have been made for utilisation of Fly Ash generated 
from Thermal Power Plants for production of Fly Ash Cement, 
Fly Ash Bricks, Fly Ash- Red Mud Bricks, Fly Ash based 
Wood Substitute Materials, Fly Ash Tiles, Fly Ash Granite 
Tiles, Fly Ash as Soil Amending Agents and Alumina from Fly 
Ash, etc. 


Normally, coal is preferred and used in Thermal Power 
Plants for the production of power and the major coal belts in 
the state are Talcher-Angul and Jharsuguda-IB Valley areas. 
‘The industrial scenario in these belts is presented in Table 7. 
Conclusion 

Taking all the above points and discussions into consideration, 
it may be inferred that for promoting the development of Semi- 
Commercial Units for utilisation of industrial and mineral 
waste for production of value-added items under the umbrella 
of Technology Development Centre, concerted efforts are very 
much essential amongst Academia, Research 
Organisations and Industrial Houses for integrated 
and sustainable development of the state. 

It is therefore of paramount importance 
that the industrial sectors should volunteer to 
take up this challenge for setting up of such 
Semi-Commercial Units under the umbrella 
“Technology Development Centre” in their 
premises in collaboration with Academia and 
Research Organisations, so that National S&T goal 
is achieved for all round growth and economic 
prosperity of the country. ୮] 


Source: Metal Asia, Vol. 17, No. 2, December 2015, pp 34-41. 
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Promotion of Technology Development Centre 
Important for Mineral Based Industries 


i oy . 
i H. P. Mishra 
~~” Former Chairman, IPICOL, Bhubaneswar 
g । B. Bhoi, P. A. Behera 
HP uti PA Berry CSIA-Institute of Minerals and Materials Technology, Bhubaneswar 


Due to the fast depleting nature of oil ond natural gas reserves in absence of significant new discoveries, it is causing 
a dent in the Odisha as well as Indian economy, keeping the self-sustaineability In picture. The over-dependence on 
import of fossil-fuel energy has further aggravated this problem to an unimaginable level. In this paper, the efforts 
have been made to discuss various ways and means to promote a Technology Development Centre in Odisha to 
tackle the above problems noticeably and address the varying needs of mineral based industries. 


Introduction Talie | HN oromass Prtuses Grae 7) 4 
It is well known that Odisha 
1s considered to he a major source 
of raw materials like iron ores, 
manganese ores, chromite ores. 
nickel ores, etc., for different 
industries across India and 
the world alike. But. there are 
many ores which are yet to be 
exploited commerically to see the 
likes of industrialisation. The 
chief reasons are absence of the 
possibilities to process these ores 
and not realising their importance 
in an industrial level. We cannot 
stop the production of various 
products from the industries 
that are already engaged 
in Odishe. Moreover, the 
research studies on such 
unexplored minerals can be 
assigned to CSIR laboratories 
like IMMT- Bhubaneswar ~ 
NML- Jamshedpur, etc. 


technological routes for 
productiun of Ferro-nickel 
and Ferro-vanadium have 
restricted their boundary of 
operation to lab scale due 

to absence of scaling-up 
facilities. Yes. that is the 
pilot scale testing which must 
be conducted prior to the 
Jump of the new process or 
technology to industrial level. 
This is where the concept of 


Even though. the basic 
research studies are 
complete, there remains a 
mid-way before the process 
ur technology developed in Technological Development 
lah scale goes to industry. For example. the innovative Centre comes to scene which can help 
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222181727 
414708 
470202 
392500 
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392025 
8101303 
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3416975 
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23572505 
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11145773 
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22547 
10249 
12298 


Madhya Pradesh 

HE 

313159 

Toul 21m 

Anes 93 
Total 10096 
oO 40649 
40247 


22288 16907241 
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11242048 
5766639 
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95807348 
62031014 
33776334 


OT 


ess 


71712050 ¦ 3୦433 
36122684 | he 
a 35589366 


189942 


363 
20 
1102 
1525 1232628 
HHI 
55798S 


ଅଖ 


- 


scaling up the laboratory studies 
wotoner wie nt WA to pilot scale level before it 
22 finally becomes possible for the 
new innovative technology to 

be commercialised completely 
through industries. Through this 
Technology Development Centre, 
the research works will find 
their way to application based 
output instead of mere scientific 
paper publications that hardly 
contribute to the progress of our 
nation. 


source of Minerals 


There are various types of 
minerals available in Odisha, 
namely. manganese, chromite, 
iron, nickel, vanadium, bauxite, 
monavrzite, etc. Their different 
sources statewise have heen 
indicated in terms of production 
values and some reserves from 
Table 1 to 10. 


162172471 
94033707 
68138764 

Source of Miners! Based Industries 


in India 


Based on our mineral 
sources, different mineral! based 
industries were planned in 
India. The statewise, plantwise 
capacities and their specification 
of principal Ferro-alloys produced 
in India are indicated in 
Table 12. 


reserves Total 
So * CF a [es | Le ir 
5TD331 $1D332 {A+B) 
Al inde Tol ss 1 e T is T 1e9 
iy Gredies GPE PER: EEG MOOS! MOOSE ME SOO 
+ 095th AOOOCSOOG SO FOOOO SOG GS COONAN SUNN 7 JAAS SOE TRAIN AOA JN GONE: 
05 009 Ne 8 Po on oa Ton fw oa 
HBS Nc uncased ff oe Tos os Ts 
Notnown DOO [AE SOE ME MONET RC SCE NIE 
GG EEE CES EO Ge (Pe 
Kamaiaks COCOONS COCO COO SOE MACAO MOE OO ONE ONE; 
> OOOO COCO MOCO SOA CAAA AOC CONE 5 
0 Cf oa fp on Pp os fT os Tos 
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As the electric power is the major source of raw 
materials in ferro-alloys making. these ferro-alloy 
industries are facing a lot of problems due to high 
power tariff in our country. Other constraints have heen 
the increase in cost of imported coke. higher cost of 
transportation in the country and frequent increase in cost 
of diesel. 


Evolution of the Concept 


During his tenure in mega steel 
projects like Rourkela Steel 
Plant and Bokaro Stee! Plant of 
SAIL and his association with 
various metallurgical industries 


310% [3105 | 100900 | as Managing Director & 

EO CN OE 5 OE NNN Ch Fg 

airman o an 

| __ 23316 | _ 32748 | of Odisha, Dr. H. P. Mishra 
1056847 a ene — . 

— 1985006 [628556 ` [2133736 `] 549201 ] 1937898 felt the necessity of promoting 

Technology Development 

EO Centres which will provide lease 


| 2305022 | 
C22 [asi | a9 | 62097 | 


rv ones} 
oo Ce eT 
{A+B) 
All india: Total 
Ore el 117416 a5 700 6000 252000 18355933 aos 4718888 
Contained V0; [ 11448 _ | 45792 | 160272 EO EN CC Eo 64887.17 
ES OO CC Ce Ge FAA 
ତ OO 4 
Ore re SC EN IE EE 19384430 
Contained V0 Afr 00 SS 4319755 49457.55 | 4957.55 
sht: OE FO OO (OT COE 
Ore CE ICE BRC EG ER FN EE 469663 
0 DO DO EZ 457.92 1602.72 mC Io DE 1831.72 
Odis) 
Ore Fa aie ine 3412795 aE 4864795 
Contained V0, pf fp of 138 ff  - f 4892 {| 1993574 | 1355794 | 1355794 
Figures rounded off 
[Quantty n 000 cane nue nt tor {OT OUr talented professionals of 
State 2009-10 [୮ 201091୩ | 2011-12{(P) various disciplines to propose and 
me ee Vi ; I 
india LF s32042 | 513182400 [ 532694 | 20210400 | 539950 | 701719100 invent technologies to exploit the 


Pubicseclo | 484040 — | 461918400 [ _ 485061 | 525347400 _] 490755 _ 594510600. mineral resources of our state 
Private sector | 48002 | 51264000 ` | 47633 [ ` 94863000 ` ] 49195 | 107206500 Me i 
Andhra Piadesh 50415 | 67373100 [51333] _ 81106100 | 52217 | 96068100 <ommercially which is otherwise 
Arunachal Pradesh] 251 [894300 | 295 | 1106000] 27 [1464100 wasted. Technology Development 
Assam { __ 1113 | 3965200 ¦ 1୦୫ | 4072600 | 602 ¦ ୨39688000 ତ $ ; 

Chhasgah— | 109953 | s030e300 | 11384 | se256200 | 113958 | 70740300 Centre will utilise innovative 

amrui asim | 23 — [100 [4 [240 [| [4506 — skills of our talented engineers to 
Jharkhand | 105917 | 114630000] 106948 ] 185716200] 109566 | 139887600 ¡vent better process technology 
Madhya Pradesh a3 {71 {6360 | 7115 8305500 Cee ie De 
sehen a1005—[soa7500 {39336 [SicukEse 139158 S3113600 — equipment design. and new 

hal 567 — [sis |e |e | 76 [73590 glloy for providing competitive 


Odisha | _ 106409 ` | S500 | _ 102565 ¦ 73545300 | 105476 | ୨63୨୨୦୦୦ 4 
UntarPradesh | 13968 | 15067200 | 15526 | 15122300 | 34369500 _ Skill in global market. China 


West Bengal OC JN EIN 28164100 ¬] 80662100 _ ¡5 more competitive in global 


Source: Coal Dirertory of Imdia, 2011-12. Coal Cootraller's Or; Lon, Kolkata * 
Lo market because its trained 
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PE Oo human material is engaged in 


{Quetyn over wie nt W0 jnnovative work in various fields 


mrs [ret [sass [eee [sia | 1521320 _ of the products in electronic. 
| 1571072 | 317824 ¦ 12673 | 363958 | ୨୫।୫୪୦0୦ ୦ | 282084 mechanical, household and 
esse [ne [anes 34952 onstruction area. Technology 
Ee CT TO OC IE 23768 ` F ନ 
MH i ar ee 171682 Development Centre will provide 
| 3୪୪04? {| 55044 | 442941 ¦ 71522 ¦ ୨48694 | ୨୦୬୨ the lease for unfolding the latent 
¦ _ ୪7017 _ ¦ 36!90 { 275859 । 41788 | 3୫0୨07୨ | 5178 kill of . in different 
re re a 
437571 segments and the creation of job 
ren ne or 0s poe 39848 ities will 
pportunities will empower our 
¡[ ଓ  [ ୫  { ୨୫ | ୨ [ ୫ Jj 8 : 
economy with the real strength 


for its sustenance. 


୮ = Resources® The Possible Approach 
Al indie 10.70 eo 
Andhra Pradesh 374 Efforts have been made towards establishing a 
022 Technology Development Centre at Kalinganagar, Odisha in 
Osha collaboration with TISCO. This can start with establishing of 
Tama Nadu 216 semi-commercial units for the manufacture of Ferro-Nickel. 
West beng 122 Ferro-Vanadium, and other sophisticated alloys based on 
Source. Departooeot of Atoms Enerp. Mumbai ¥ F * 
ve riers gorse pi iain EN which the projects for the commercial plants can be worked 
(in torees) 
Name Bincrtion of the Flak Cm] installed capacity 
Andlice Pradesh SAS 
Andhra Ferro Alloys Ltd. HC ferro-chrome 20000 
Srintvasanaget, 
Dist Viranagaram 
Ferro Alloys Corporation Ltd. Ferro-manganese 72500 
Shreeramnagat, Ferro-chrome {For all 
Dist. Vizianagaram ferro-alioys) 
Silico-manganese 
Feno-silicon 
S#ico-chrame 
Other ferro-alioys 


finda! Stainless td. HC ferro-chrome Cr 62% $7 25% 40000 
(Ferro Alloys Division) C 7-8% P: 0.040% 
Jindal Nagar, Kothavalasa Dist Vizianagaram 


Cr: 60-68% 
5:2.0 to 4% 
P: 0.03% $: 0.05% 


Cr 60% (min) Si: 34% {max ) 
C 6-8% P: 0.03% (max) 
$:0.03% {max} 


Mn: 60-70% 

$£ 15-16% (min) C 2% (max), 
P: 0.03% (max } 50.03% {max} 
$. 40-45%, 70-75%, 75-80% 
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Name & Locitien of the Mart 


Sree Sarda Alloys Ltd. 


Ravivalss, Tekkal Mandal Dist. Srikatadam 
Chhattisgarh 


Hirs Group of Industries 
Jain Garbides & Chemical Ltd. 
{7 Unit 1, Urla, Dist. Ralpur 


{M Unt2 


{Hira Ferro Alloys Utd. 
Urla, Dist. Raipes. 
} Alok Ferro Allc 


Sarda Energy & Minerals Ltd. 
{Formerty Raipur Alloys & Steel Ltd} 


Chhattisgarh Electricity Co, Ltd. 
Sitara, Raipur 


Nawchrome Ltd. 
Urla fndustrial Area, Dist Raipur 


Deepak Ferro Alloys Ltd. 
Uria Industrial Area, Raipur 


Jindal Stee! & Power Ltd, Raigadh 


Goa 

Karthik Alloys Ltd. 

Gu Hs 

Esset Mining & Industries Lid. 
Vapi, Dist. Valsad 


Electro Ferro Alloys (Pvt } Ltd. 

Ahmedabad, Gujarat 

Baroda Ferro-Alloys, Dist. Panchmaha! 
ryane 

Haryana Ferro-Alloys Ltd. 

Markhand 

Anjaney Ferro Altoys Ltd. 

Mihijam 

Dist. Dumka 

Gautam Ferro Alloys Ltd. 

Ramgarh Industrial, Area, Marar 

Dist. Hazaribagh. Bihar 


AE 0.5% {mac), 1.2546 {ma} 
C:- 0.15% (mao) P- 0.05% (man) 
5:0.05% (mad) 


Mn: 70-75% Sk 15% (max) 
C 6-8% (max) P: 0.40% trac) 
$:0.05% {max} 

Mn 60-65%, St 13-17% (mac) 
C 2.5% (max), P: 0.35% (max) 


$: 0.03% fm 


QE... 


[0 


i 


| 


| 


Cr: 60-70% 
$1: 2 to 4% $ : 0.05% 
C:6 08% 


V:50% C01 imax} 
Sand P: 0.05% each 


AL 1S 
Ferro-motybdenum Moc 60% CO1% 
$:0.08% P: 0.06% 
ALOSS 
Ferro-ttankum 
Ferro-sihco-zircontum 
HC ferro-chrome 
rN 
Ee: SO Ge 
Ferro-sibcon 
Siflco-mangenese 
Ferro-manganese 
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tn torres) 
Hama & Location of thee Plant Cra [ pedfiatons installed apechty 
Kormseks Se Jer 
Sandur Manganese & iron Ore Lt HC ferromanganese 29100 
Vyasanakere. Dist Bellary 20000 
{Plank dosed since 1.81998) 24000 
Dandes Stee! & Ferro Alloys Ltd. Mn: 70-75% C: 0.1% 6000 
Dandes, Dist. Uttar Kannada S£:24% P 0.15% 
$:0.05% Size: 37 mm 
Mn 70-75% C: 15% P:025% 
$£: 2% $: 0.05% 
SA Chemcats & Ferro-aloys 25 
1200 
3500 
N/A 
N/A 
N/A 
Mec 782% 10000 
ries 
Jalan ispat Castings Ltd Mn 60-65% Si: 15-20% 12000 
industrial Are» C: 25% {max} P: 0.35% 
Meghnagar, Dist. Jhabua 
Crescem Aloys Prt itd. 4500 
Seon (Total) 
Maharashtre 
Maharashtra Electrosmeh Ltd. 100000 
Mol Road, Chandrapur {Total} 
Nagour Power & Industries Ltd. N/A 
PO. Khandelwalnagar N/A 
Dist Nagpur 
Bharat Pulveriseng Mills Ltd. 200 
Andheri. Mumbai (Toth) 
Sunbe! Alloys Co. of India Lid. 300 
Thane-Belapyt, Murnbal (Tou 
Natur! Sugar and Aled ind. Ltd. (5 MVA} 
Sainaga:, Ranjan 
Drst Osmanabad 
{6 MVA) 
Comd- 
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Name & Location of the Piamt 


Odisha 

Ferro Atloys Corporation Ltd. 
{Charge-chrome Division} 
Randa Dist. Bhadrak 


Tate Steel Ltd. 
Ferro-manganese Plant, Jods, 
Dist. Kendufhar 


Tats Steel itd, Ferro Alloy Plant 
Bamnipal, Dist. Kendujhar 


Cr: 660 {min} St 4% (mac) 
C: 8% {max} P 0.03% (mac) 
$: 0.03% {mac} 


mn 


Balasore Alloys Ltd. 
Balgopalpu, dist. Balasore, Odisha Sico-manganese 
{Formerly ispat Alloys itd.) Ferro-chrome 


| 


DCO Ferro Chrome & Alloys Ltd. 
Jajpur Road, Dist. Jajpur 


Cr 62-65% 

SE 15 to 8% 

Ce 
Indian Charge Chrome Ltd. 62500 
Choudwar, Dist. Cuttack 
indian Metals & Ferro Alloys Ltd. ee Sk 70-75% $3000 
{iMFA), Therubati, Dist. Rayagada ter ro oe Cr: 60% 195000 
Superb-Meta! Alloys (Prt} Ltd. 
Rairangpur, Dist. Sundergarh 


ll 


10560 
18300 


EO NCCES CO 
VSK Ferro Alloys Ud. $¢ 72.3% C 0.15% 3000 
Thuthipet 5:0.051% Mr 0.55% 
P-O042% Fe: 26.177% 


Uttar Pradesh 
The India Therm Compr. ttd. 


Fazaigan} Kanpur {Toul 
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Pn tons 
Hieven & Lecotion of the Plemt [ ଧୀ | 5ନପହିଥୟଠଃ | Instatied capachy 

Mi 
Hamirpur 
West Beng pee a eee 
Cosmic Ferro Tech Ud. HC ferro-manganese Mn: 66-71% Sz 1.4% 45375 
Dist. Bankiwa. C85-7% P 03% 
Bishnupw 

Sbco-manganese Mn. 61-65%, 51: 15.5% 

C: 1.9%, P: 0.28% 

Gayatri Minerals Prt Lid. Siico-manganese 
WHROC Growth Centre. 
Bohoupur. Bomkura (WB) 
Karthik Alloys Ltd. (1 & ih Silico-manganese 7300 
Durgapur 
Makthan Altoys Lid. Fero-manganese 52600 
Burdwan Siico-manganese ffotah) 

Ferro-chrome 
Monnet Ferro Allows Ltd. Silico-manganese 12500 
Burdwan 
Shyam ferro Alloys Lid. HC silico-manganese 100000 
Burdwan HC ferro-manganese tTotal} 

HC ferro-chrome 
Shi Vasa industries td. HC ferro-chrome 45000 
WBHDC tndustrial Growth Centre 
Bohnupur, Dat Banus 
Moder india Con- Cast Lod. Bulk ferro-atloys 22000 
WBNIDC Industrial Groeth Centre. 
Bahnupur. Det. Banna 
Roha Ferro Tech Ld HC ferro-chrome Cr: 60% (min) C: 8% (max) 45375 
Bishnupu, Dst Banka Sr 3.5% (max) P: 0.03% (max) 


Tote HC Migh Carbon AMC : Medium cetbon Lf Low carbon 
Sourtic information collected by BM on aor-satiory bats 


out by consultants like MECON Ltd.. M.N. Dastur, etc. 
Besides mineral area, the Technology Development Centre 
can also be established at Paradecp for new petro-chemical 
products based on paradcep refinery of Indian Oil. 


inimediste berets 


The Technology Development Centre will utilise the 
laboratory and Pilot scate work of our research laboratory 
for establishing commercial units in various fields and 
thus may hridge the gap between research laboratories of 
CSIR like IMMT- Bhubaneswar, NML- Jamshedpur and 
industries which hinders our growth in different fields. The 
future prospects will be bright, if the concept is extended in 
various areas where our manufacturing activities based on 
human skills are roped in with innovative skills to sustain 
the business in global competition. 


LGLSrinGe The Pelee Sten 


Kalinganagar is the most appropriate Jocation because 
there are a number of metallurgical units like NINL. 


$: 0.04% {max} 


JINDAL, and VISA where products are made market- 
ready. Similarly, Technology Development Centre can 

be established by National Aluminium Company in 
Damanjodi and Angul to reinvent different process 
parameters and products to improve the technological and 
financial base of our aluminium industry. 


Conclusion 


Hence, it is concluded that the importance as well as 
the need of a Technological Development Centre should 
be realised. This approach will not only explore the rich 
mineral reserves sitting idly in different parts of Odisha 
but also pave a right path for their meaningful utilisation 
in various industries. Further, this will enhance the 
productivity of various industries and encourage unlocking 
of several employment opportunities. Above all these 
benefits, a self-sustaining mode of production of various 
application-driven products will invite a balance to India’s 
economy. 
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Technology Management 
for Industrialisation of our Count: 


(44 | » 


2 be $ 
to “a 


Dr. Ing. H.P. Mishra 
Former Chairman, IPICOL, Bhubaneswar 


the innovative effort of human ingenuity to utilise 

science for safety and sustenance of human society. 
From the very beginning of human civilisation, continuous 
gttempts hove been made to develop technology for 
reducing human stroin and stress for various productive 
operations. Therefore, the management of technology 
is an inseparable part of human life and one must 
understand this in depth. Its management can provide 
better knowledge in all fronts to attend reasonable living 
standard for its people. For this, you will agree that deep 
national commitment is called for because it is not just to 
provide elite living for few but the effect should percolate 
down the line to the multitude for which the government 
and socicty should have utmost concern. 


ib echnology may be defined as an ongoing process of 


Technology management can be grouped into three 
categories: 


1. Technology borrowing 


2. Technology absorption 


3. Technology generation 


Technology borrowing has been practised in our 
country for last four decades. In 1955. Hindustan Steel 
Plant entered into un agreement with number of foreign 
companies like Krupp. Demag. Mannesmann. etc. to 
obtain technology and also equipment. At that time, our 
late Prime Minister Pandit Jawaharlal Nehru had the 
foresight to encourage consultancy organisation in the field 
of steel, fertiliser, etc. to get the technology absorbed in our 
system. Machine building industry like Heavy Engineering 
Corporation was set up to manufacture machinery for steel 
and other plants. At that point, the planning was tu set 
up one million tonne/yr. capacity steel plant every year. 
Similarly in fertiliser field, planning and design cell of FCI 
was created to Indianise foreign technology both in public 
and private sector. Some of the fine machine building 
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units were also installed. This infrastructure was created 
with the sole idea of not only to borrow technology from 
abroad but to get it absorbed in aur system. However, in 
spite of all infrastructure facilities, our trading culture 
denied its absorption. For quick trading and earning 
monev,. these facilities were not fully utilised in some 
pretext or other. This has resulted in our dependence on 
horrowing technology and also equipment. The base for 
any development. the skilled and super-skilled man- 
power was not fully geared for quality technological 
activities and some of our best brain migrated to other 
countries for mainly professional satisfaction besides 
better living. 


Technology absorption is one of the valuable tools for 
speedy developing countries like Japan, South Korea, 
which have prepared the base with highly talented 
professional and providing motivation at every stage. 
Their professionals and industrialists with deep national 
commitment have taken pride in national welfare. Their 
industrialists have proper leadership to retain these 
professionals. 


In eur country for last two decades, the operational 


environment has undergone great deterioration where 


unscrupulous entrepreneurs and professional can survive. 


Today in the name of liberalisation. free iinport of many 
technologies is taking place and there is no proper effort 
to absurb the same in our system. The entrepreneur for 
temporary prosperity takes recourse to trading ignoring 


the long-term interest of our countrv. 


Technology generation and management depend on 
the quality of our self-reliant system and the support 
it receives from the government and the industrial 
community. lt mav be considered a stage higher than 
technology absorption. In today's competitive world, this 
will constitute the real strength of a country’s economy 
and also defence. Jn this effort, the national commitment 


will provide the best motivation for technology generation. 


For example, Japan and South Korea have not only 
absorbed the foreign technology hut have refined and 
developed these as their own which have given them 
unique position in competitive commercial world. 
Technology commercialisation can only he a step higher 
and our system through our skilled and professional 


community makes dedicated effort to produce quality 
good at cheapest cost for the world community. 


For commercialisation of technology, serious efforts 
should be made to bring effective coordination between our 
technological laboratories. consulting organisation 
and industry. This will only be possible if a conscious 
decision at national level is taken on the following: 


1. Laboratories, consulting organisation and industry 
should provide a system where talented professionals 
will be circulated to have proper exposure to the need of 
our industry. 

2. Industries vith process technologies available in the 
country or borrowed from ahroad should try to create 
a team under the care of a consulting organisation to 
market in India and abroad.-As for example. NALCO, 
BALCO, SAIL, etc. have imported technologies but 
when modernisation or expansion takes place, they 
lean heavily again on import of both technology and to 
certain degree on equipment. In a running plant, the 
talent of our professional engineers is not fully utilised 
as in case of a consulting enginecring organisation 
which provides basic technology and detailed design and 
engineering. 

3. A proper tcam with financial and commercial 
background should be associated in all our activities 
of technology promotion to fix a value to our effort at 
various stages and to compute it in commercial term for 
marketing the samc. nationally and internationally. 


4. Under the present stage of industrialisation, lot of 
innovative efforts being made in our laboratory for 
creating commercial projects hut many times they do 
not succeed due to lack of appropriate data relevant to 
commercial project. This can be provided by promoting 
Technology Development Centre where semi- 
commerciul plants can provide the appropriate data for 
preparing in detail project report. 


Finally, it may be relevant to mention that in all these 
operations. talented dedicated professionals with national 
commitment are most important ingredicnts to attend 
self-reliance in technology management. Our social and 
political value system should promote this. Otherwise. 
the country cannot withstand ever-increasing global 
competition. 


* Source: Iron and Steet Review, Vol. 58, No. 5, October 2014. pp66-0B, 
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The Iron and Steel making process intensively uses minerals 
and energy besides the capital cost. Steel making is one of the 
most intensive consumers” energy in the manufacturing sector. 
The steclmakers need to be sensitive to customer demands in 
1enms of product, properties, quality. prices and delivery due to 
highly competitive market. guided by rapid technological change 
and accelerating market globalisation. Tt also faced severe 
environmental concerns arising out of high glohal steel output of 
1200 million tonnes per annum and the last 30 years have shown 
that the technology of steel making has and can change rapidly 
on u global scale. The environmentally friendly and greener 
technologies along with minimum cost and highest quality shall 
only sustain in time to come. The grey shall be produced by the 
green and blue sky shall continue to remain blue. 

There are four technology drivers influencing the steel sector 
and these are: High capital cost. Raw matenial shortage, Environ- 
mental issucs and Customer demand. The biggest challenge is 
to evolve appropriate technology as a roadmap through rescarch 
and development for subsequent transfer to users. 


Improvisations in established routes of Iron & Steel making 


Direct Reduced Iron (DR!) & Blast Fumace for Iron mahing 
and Basic Oxygen Furnace & Electric Fumace (Electnc Arc & 


a ase 


EF 3 


Pe 


Induction) are by far the most established processes ased 
worldwide Blast fumace in Manous forms has remained the 
backbone of tron production for more than 200 yegrs to yield 
carbon saturated hot metal for subsequent processing by 
steelmahers. Howes er, the modem blast fumace has uiniergone 
basic process and technological changes vis-3-vas tts earlier 
ancestors. Injection of pulverised coal, natural gas. oil and in 
sume cuses recycled plastic 1s used as substitute for 3 portion 
of metallurgical coke as a primary reductant and ~ource of 
chemical energy represents an important development in this 
dircclion. Coke making is exiremely problematic from an 
environmental perspective as many of the hydrocarbons dniven 
off during the coking process are bazardous. Also not all ty pes 
of coal are suitable for the production uf coke. Improvement 
in process control and reduced refractory wear has increased 
blast fumace campaign hfe significantly, which is critical 1o 
the economics of the process. The current expected lifetime of 
newly rebuilt fumaces is 20 years orf greater. 

There hus been a rapid increase in the production ot ron 
via DR! process over last 10 years. Further. the basic open- 
heanth process has been almost completely replaced worldwide 
by various top, bottom or combination blown Busic Oxygen 
Steel Making processes over the last 40 years This has mproved 
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productivity and efficiency of oxygen steel making vessels. The 
ahandonment of open-hearth steel making practices for steel- 
making was also accompanied by a parallel widespread departure 
from ingot casting to the continous casting of steel. This has 
a dramatic effect on steel industry worldwide. Between 1960's 
and now. continuously cast steel as a percentage of a total steel 
production has riven from eswentially 1 per cent to more than 
90 per cent tin Most eenintries. 

With lower capital cost than an integrated mill, mini mills 
based on elevince arc fumace melting of scrap were able to establish 
a Cost advantage in the production of certain steel production. 
The development of ultra high powered electric ar furnace and 
rehable billet and bloom continuous casting machine provided 
a Tow cost route for the production of lower quality steel long 
products. such as reinforce bar and structural steels. As a result, 
integrated steel producers have been completely displaced from 
these fow-end segments of the steel market in developed countries 
and hie allowed them to focus on the production of high quality 
plate and thin gauge flat products Though global DRI capacity 
via existing gas based technology is likely to increase further in 
order t0 suppor expansion of EAF stcel making to new quality 
products. the blast furnace is expected to remain the mainstay of 
global iron production for several decades. Hence, further 
improvements in blast furnace technology are warranted. 


Further improvements expected in the processes of Iron 
Making 


It is noteworthy that a great opportunity exists to develop 
an entirely new process that better fits the needs of contemporary 
and future steelmakers as the supply of coke gets more and 
more constrained. causing closure of smaller blast furnaces but 
the need for additional hot metal capacity continues to nse. The 
vharactenistic of a new and ideal process for increased iron unit 
production should include the following: 


1 Very high efficiency with respect to energy and materials 
Usage. 

Greater flexibility in feed materials. 

Reduced capital costs. 

Operational flexibility. 


Capacity of producing steel or low curbon iron directly. 

Latest processes tor iron making like Corex, Hismelt and 
Finex technologies are slowly finding commercial operations. 
Thew technologies need to be improved and evolved based on 
problems at the application level. 


Pollution Prevention and Contro! 


Jn addition to upgrading iron and stee! making technologies, 
adoption of vanous potlution prevention and control measures 
are inevitable. 


It is possible to re-use over 90) per cent of the waste water 
gencrated after proper treatment. Discharged waste waters 
should in all cases be targeted less than § m3/t of steel 
manufactunng and efforts should be made to bring it less thin 
I mA. As regards solid waste, the blast furnace slag should 
normally be generated at a rate of less than 320 Kg/t of iron. 
with target of 180 Kg/t. Acute focus on energy recovery in 
vanous processes of iron and steel making is absolutely necessary. 

The technologies reluted to waste heat recovery like waste 
heal recovery boilers. organic rankine cycle, phase change 
materials need to establish and mature them on war footing. 
Using photo cells for energy recovery from huge radiation 
losses during various processes and harvesting wind energy for 
steel! making also should be given high priority by researchers 
und technology suppliers. 

The greenest technologies and operating plants shall 
subsequently survive. The wakeup call is already therc in the 
form of global warming and for those who do not wake up. the 
darkness is never going to end. This onc issue for sure is going 
to rule the iron & steel scenario for a very long time and the 
technology suppliers and steel producers who focus on this 
issue from today will be the winners of tomorrow. 


Technologies for various treatments 


Appropriate treatment technologies for air emission, waste 
water and solid wastes are integral to good manufacturing 
practices. Air emission contro! technologies for removal of 
particulate matter include scrubbers. bag houses and Electrostatic 
Precipitators (ESPs). Waste water treatment systems typically 
include sedimentation to remove suspended solids, precipitation 
of heavy metals, through physical or chemical treatment and 
filtration. Solid waste treatment involves stabilisation of heavy 
metals using chemical agents before disposal. 

Compliance with Emission Guidelines 

The key production and control practices which will lead 
to compliance with emissions guidelines are summarised as 
under: 

1 Prefer the direct steel inanufacturing process wherever 
technically and economically feasible. 

1 Use pclletised feed instcad of lump feed wherever appro- 
priate. 

1 Replace a portion of the coke used in the blast furnace by 
injecting pulverised coal or by using natural gas or oil. 

1 Achieve high-energy efficiency by using blast furnace and 
basic oxygen furnace off-gas as fuels. 

J Implement majors (Such as encapsulation) to reduec the 
formation of dust. including iron oxide dust and wherever 
possible recycle the collected to a sintering plant. 
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1 Treat and re~circulated waste waters. 


1 Use slag in construction materials to the maximum extent 
possible. 


Future and growth of Mining and Steel 


Biused on cumulative output of 62 countries who report 
their data to World Steel Association. world crude steel production 
in March 2012 stood at 132 million tonnes. By March 2013, 
the output increased to 135 million tonnes, registering a growth 
of 1.0 per cent. Though there was an increase of crude steel in 
March 2013, a major decline was registered in South Korea. 
European Union (Germany, Italy, Spain, France and Turkey), 
U.S.A., Russia, Ukraine and Brazil, while India registered a 
positive growth of 6.5 per cent over the same period. This 
worldwide decline was on account of local recession amidst 
the ycar 2008. 

However, steel being 3 vital component in the global economy’ s 
production chain. steel industry is expected to adjust to the changed 
murket condition, The economists expect that the global recession 
will stabilise soon within the financial year 2013-14. 


There is a strong correlation between the growth rates of 
economy and demand for steel. The opumistic growth rate in 
the emerging economies of China, Indiu, Russia and Brazil are 
expected to generate demand for steel und suppont the global 
stcel industry. The world average per capita consumption of 
steel is approximately 200 Kg. The consumption is high in 
developed countries and is at near saturation level. India's per 
capita consumption stands as low as 59 Kg. while China con- 
sumes around 500 Kg per capita. These (wo countries, which 
ure expected to see increased per capita consumption, will drive 
the dermnand. Hence, over the long-run, the global demand for 
steel can be projected to be higher than current {evels. 


The growing steel industry will come to face wide ranging 


environmental concerns that are fundamentally related to 
consumption of raw materials with intrinsic carbon contents. 
high quality of energy requirement and the byproducts ussaxciated 


with quantum of steel production, The change therefore is to 
improve upon the technologies that will bring about reduced 
consumption of energy. reduced consumption of raw materials 
and reduced levels of emissions besides being cost-effective. 
Steel being one of the majur cocrgy consumers in the manu- 
facturing scctor, major intervention will be required in this 
aspect. A roadmap for achieving energy efficiency and energy 
conservation will be required. Technology driven solutions can 
be expected to yield results in case of India and other countnes 
openting at low end of technology. fn the <hort-term. howe er, 
quick results can be achieved by implementation of small 
projects relating to waxte heat utilisation and process optimisation. 
Also. deployment of various technologies and practices in mining. 
ore beneficiution and pelletisation will lead to use of low grade 
orcs now being discarded and ease the resource constraints 


In the planning for the growth of iron and «teel industry. 
coal as a reductant and energy for smelting the ore will play 
key role and its availability in quality and quantity ensure the 
sustenance of this growth in future years. After independence. 
this sector for our country is termed as 4 core sector and 
Govemment took step for realisation of some major steel projects 
in public sector. Now, the time has come to conserve the vital 
inputs for this industry such as coal and iron etc. to ensure their 
availability for steady growth. In my opinion, coal reserve in 
our country is not that plenty as it made oul. Coal for power 
generation must be carcfully planned. Waste gas from metallurgy 
industry containing primary ingredient for power generation 
should be given much importance rather direct baming coal for 
powcr gencration. In pyrometallurgical process of extraction 
of metal, carbon in coal 1s the key elememt and it picks oxygen 
blended in the ore and forms waste gas. This waste gas utilisation 
must be mandatory tor power gencerauon. whether sponge iron 
or ferroalloy route is adopted for metal extraction, the waste 
gas should be utilised to generate power as a co-produet to 
provide optimum use of our mineral source 

In my long assecration with metallurgical industry. | have 
a feeling that we have sill to do 3 lot fur improving the base 
of this industry. Mega projects like steel. ferroalloy and 
alumina/aluminium plants produce primary metal and the bulk 
of it ix exported to other countries for manufacture of tevh- 
nological products. The value addition and the employ ment 
generation in the process are benefited by other countnies. It is 
high time that we should establish downstream industries. 
utilising the pnmary metal in megu, medium amd Amall sectors 
10 optimise the benefit for our country of we should stop the 
export of these non-replenishable minerals and conserve it for 
future vse. 


HP Muhta Former Céatrmeon WPICEN. Bhubaness ur 
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ABSTRACT 


The effect of using red mud + CaO mixture as a flux during steel metting has been investigated. Mild steel scrap containing 
traces of alloying elements was melted under red mud + CaO flux cover in an inducnoon furnace. ASTM keet blocks 
were czst from both the flux reated and untreated sicel melts and then the coupons of the test pieces were hot forged 
and normalized wnder identical conditions. The flux treated steels developed finer ferrite grain size and superior mechanical 
propenies compared to those of the untreated steels. Grain boundary precipitates which could not be reliably analyzed . 
has been detected in TEM in the flux treated samples. In addition, precipitation of grain boundary carbides were also 
observed in these samples. Complete explanation of these results is not available at this stage. 


1. INTRODUCTION 


Red mud is a bye product of the bauxite refinery. 
The principal components in red mud are Fe,O, 
A1,O; SiO, and alkali oxides. However TiO, (4-8 %) 
and minor quantities or traces of other oxides such as 
MnO, Cr,O; CoO, NiO, V,O; Ga)O, and ZrO, are 
also present in red mud generated in Indian plants. 
Since disposal of red mud is a vexing problem, various 
attempts are being made from time to time to find 
gainful applications!. In the present investigation, an 
attempt has been made to utilize red mud as a cover 
tlux along with CaO during steel making. The 
objective is to observe the likely effect of smelting 
reduction of some of the oxides on the structure and 
properties of the steel prepared. 


2. EXPERIMENTAL PROCEDURE 


500 -600 kg steel scrap was melted in a magnesia 
lined induction furnace. After usual composition 
adjustment and aluminium deoxidation, an ASTM 
keel-block test piece was poured in a resin sand mould. 
Red mud + CaO (75/25 - ratio) mixture was then 


added on to the remaining melt. The red mud was 
thoroughly calcined at 700°C before use. The quantity 
of the flux was 1 wt% for the first heat and 2 wt % 
for the second heat. After allowing the molten flux 
to remain in contact with the melt for five minutes, 
it was drained off. The last part of the flux was 
thickened with a proprietary slag coagulator and then 
skimmed off. The melt was then deoxidized with Fe- 
Si. Fe-Mn, and Al shots. Amnther keel-block sample 
was then poured in a resin sand keel-block mould. 
The composition of red mud used is given in Table 1. 
The composition of the steels is given iis Table 2. 


The keel-bilock samples were cut and then hot forgec. 
The hot forged rods (20 mm diameter) were 
normalized from 1223 K. Tensile and impact sanpies 
were prepared and tested. The microstructures of the 
normalized samples were examined first in a light 
microscope and then in SEM. The ferrite grain size 
and the volume fraction of pearlite in the samples 
were also determined. The fracture surfaces of the 
tensile test pieces were examined in SEM. Tie 
experiment was repeated several times. Representative 
results are presented and discussed below. 
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Table 1 3. RESULTS AND DISCUSSION 
ANALYSIS OF THE RED MUD (EXCLUDING TRACE | 
ELEMENTS/TRACE COMPONENTS) Ferrite grain size and volume % of pearlite in the 


steels are reported in Table 3. It shows that the ferrite 


£ ommponent hadi grain size decreased and volume % pearlite increased 
ALO 6.26 following red mud flux treatment. On careful 
3 examination of the microstructure of the flux treated 
TiO, 8.63 steel 2b, precipitation of fine discontinuous carbide 
particles at the grain boundary was also detected in 

FeO, 7.31 SEM (Fig. 1). The effect of microstructural changes 
SiO 3.84 brought about by the flux treatment influenced the 
4 mechanical properties of the steels quite appreciably. 
Na)O 2.51 There was an overall improvement in YS, UTS, 


percentage elongation and percentage RA after red 
Other minorf/trace constituert present- V,O,, Ga)JO,, MgO. mud + CaO flux treatment (Table 4). The impact 
CaO, MnO, ZrO,, organic carbon toughness was not affected. But the dimples formed 
in the fracture surface of the flux treated steels were 
finer. The fractographs of steels 1a & 1b are compared 
in Fig. 2. TEM studies on steel 2b confirmed 


Table 2 
CHEMICAL COMPOSITION OF THE STEELS 
Elements Steel la Steel 1b Steel 2a Steel 2b 
C 0.22 0.25 0.22 0.21 
Mn 0.27 0.67 0.59 0.38 
Si 0.12 0.26 0.20 0.17 
S 0.04 0.05 0.04 0.05 
P 0.04 0.04 0.04 0.04 
Cr 0.13 0.10 0.51 0.45 
Ni 0.09 0.08 0.07 0.07 
Mo 0.02 0.03 0.08 0.08 
Vv 0.0003 0.001 0.002 0.001 
Cu 0.11 0.11 0.109 0.107 
Ti 0.0009 0.001 0.001 0.001 
Al 0.015 0.045 0.04 0.09 
rr ll rere 
Remarks 1" heat before Treatment with 2” heat before Treatment with 
flux treatment 1 wi% Red flux treatment 2 wi% Red 
mud +CaO mud +CaO 
(75/25) (75/25) 
mixture mixture 
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Table 3 * 
FERRITE GRAIN SIZE AND VOLUME PERCENTAGE 
PEARLITE OF THE STEELS 


Steel No Ferrite Grain Size Vol. % 
(am) Pearlite 

la 17.05 - 40.25 

Ib 10.50 69.16 


a [ ¢. 
4: T = V2 L “1 
SE? £ was 2 ” ees lo 2 


Bd32b-redm 0085 20kU: Li × 15» 8ଥଥ taj ib-reédm 6087 ZOKU 204m b- 
Fi B Pi Fig. 2 : ¥ 
EDX analysis of the grain boundary carbide iil raha rime sh Pr 


Cc Si Cr Fe PPO 4 £ 
nn pPréCcipilation al grain boundaries, although reliable 
Element % 8.49 0.39 0.31 ୨୦.୫2 SAD patterns of the extremely fine precipitates could 
Atom % 30.05 0.58 0.25 69.12 not be established. TEM photographs of steel 2b are 


Fig. | Precipitation of carbide at the grain boundary in steel 2b. shown in Fig. 3 (ac). 


Table 4 
MECHANICAL PROPERTIES OF AS FORGED AND NORMALIZED STEELS 
Sample No. Hardness YS UTS HE! HRA Room 
Temp. 
VHN MPa MPa Impact 
Toughness 
Joules 
la 140 35.00 46.21 28.39 62.80 132 
lb 197 40.00 58.91 31.80 65.64 130 
2a 155 32.00 48.87 23.96 23.08 
2b 202 42.00 59.79 24.72 62.94 - 
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The analysis of the CaO + red mud treated steels as 
given in Table 2 does not indicate pick up of 
measurable quantities of Ti, V, Zr from the flux. 
The recovery or loss of other alloying elements also 
varied in case of the two steels. Still there was 
considerable change in the microstructure and 
mechanical properties after red mud treatment. The 
result of this investigation therefore presents a 
perplexing situation. Even if it is argued that higher 
levels of residual Al in steel 1b and 2b were 
responsible for berter grain refinement in these steels, 
it can not explain the significant increase in the 
proportion of pearlite. Another interesting effect 
observed is the presence of carbide films at the grain 
boundary (Fig. 1). In a hypoeutectoid steel such grain 
boundary films of carbide is not expected. The TEM 
photographs shown in Figs. 3(a-c) indicate 
precipitation at grain boundaries. All these evidences 
suggest that trace elements introduced during red mud 
treatment are responsible for such change. These trace 
elements presumably produced precipitates which 
pinned down austenite grain boundaries. They also 
shifted the eutectoid composition to lower carbon 
ranges and promoted considerable undercooling dring 
eutectoid transformation forcing occasional divorced 
precipitation of carbide at ferrite grain boundaries. It 
is also suspected that solute atoms segregated at 
austenite grain boundaries might have acted as kinetic 
barriers during eutectoid transformation inducing large 
undercooling. This resulted in both ferrite grain 
refinement and increase in the pearlite content. 
However, further investigation is necessary. 


4. CONCLUSION 


Red mud + CaO flux treatment of liquid steel results 
in refinement of ferrite grain size. increase in pearlite 
content and improvement of mechanical properties in 
as forged and normalised stecl. 
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Fig 3 (ac): TEM photographs of steel 2b showing fine films of 
precipitates at the grain boundaries 


@ Source: Transaction of Indian Institute of Metals, Vol. 56, No. 3, June 2003, pp185-188 
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Minerals are the most important raw materials for development of ferro-alloys industry. During a few decades of industrial 
development, most of our high-grade mineral resources have been mined extensively for internal consumption and export. in 
this way, most of the high-grade minerals have been exhausted. As these resources are non-replensible in nature, it has been 
necessary to conserve these valuable natural resources and develop various technologies to process the low-grade and comptex 
ores and minerals to sustain the existing industries in the Country. To make the mineral based industries sustainable, we have 
to manage the raw materials in a very scientific manner using environmental friendly technology. In this paper emphasised 
has been given on the importance of ferro-atloys industry in context of iron and steel scenario, the raw material management, 
some recent developments in ferro-alloys production and proposed R & D programmes for promotion of ferro-alloys industry. 
The efforts have been made to highlight the developed R&D required to minimise the energy source for the production of ferro- 


alloys. 


Introduction 


Ferro-alloys are essential ingredients, used for alloying, 
refining, deoxidation, desulphurisation in the production of 
different types of steel and hence ferro-alloys industry forms 
the backbone of iron and steel in the world. Ferro-alloys industry 
in India piays a vital role in steel industry to produce various 
type of steel. The present capacity of ferro-alloys industries is 
about 5.15 Mt per annum. Our planners envisage that these 
industries should produce larger qualities of basic alloys, which 
are required for the growth of steel industries at home as well 
as to cater to the international market. This is only possible 
when the management of raw materials and energy required 
for the production of ferro-alloys is properly done. This paper 
deals with the utilisation of low-grade ores as well as the wastes 
produced during processing of raw materials in ferro-alloys 
industries. The efforts have been made to highlight the 
developed R&D required to minimise the energy source for 
the production of ferro-alloys. 


Production of ferro-alloys started in India about 62 years 
ago with setting up of the first ferro-manganese plant by M/S 
TISCO at Joda, Keonjhar, Odisha. After this, with rapid 
development of the country’s steel industry, the demand for 
ferro-alloys increased considerably. Number of firms was 
setup for the production of different types of ferro-alloys. Today, 
India has adequate capacity for the primary ferro-alloys not 
only to meet the entire demand of the country but also surplus 
for the export. As the quality of ferro-alloys effect the steel 


quality and yield at various stages, they have great impact on 
the profitability of the steel industries. Hence, value addition 
is essential by production of ferro-alloys and stainless steel with 
a view to conserve our mineral ore sources instead of exporting. 


The past, present and future of ferro-alloys is linked with 
the steel production. The pianners in India envisaged an 
ambitious development programe for the iron and steel in the 
early fifties. They aimed to achieve a target of 20 million tonne 
of stee! within 25 years. Accordingly to make this development 
possible, ferro-alloys industry was setup in late fifties and early 
sixties. 

In India, by the year 1963, seven plants: 2 in Odisha, 1 in 
Andhra Pradesh, 2 in Karnataka and 2 in Maharastra were 
established. These ptants have 18 furnaces and have a total 
installed capacity of approximately 130 MVA monthly for the 
ferro-manganese. During 1966-67. 10 more furnaces were 
added with combined capacity of 143 MVA. 

During this period, IMFA, IDC, Nav Bharat Ferro-Alloys, 
Sandur Metal and Ferro Alloy Plant, and Maharashtra 
Electrosmelt Ltd. came up. In addition to increased capacity 
for ferro-manganese, they aimed for silicon and chromium 
alloys. After 1979, three more new plants VIZ OMC charge 
chrome and Ispat alloys in odisha and VBC ferro-altoys in 
Andhra Pradesh came up. 

In India, most of the Ferro-atloys units have been setup 
in Andhra Pradesh, Chhattisgarh, Jharkhand, Karnataka, 
Madhya Pradesh, Maharashtra, Odisha and West Bengal 
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because of the availability of raw materials. The industry has 
further spread to North-Eastern region of India, In Meghalaya, 
a number of small units producing ferro-silicon and ferro- 
silicon-manganese have come up. 


Ferro-alloys may be classified as per the cafbon in alloys 
like low, medium and high carbon ferro-alloys. The most 
significant and important class of ferro-atloys are tow carbon 
ferro-alioys, which are produced with great difficulty and 
primarily used in the production of speciat steels. The other 
classification is based on the consumption aspects of ferro- 
alloys. They are (a) based on tonnage atloys and {b) speciaity 
alloys. The tonnage ferro-alloys are of manganese, silicon and 
chromium. The specialty alloys were deveioped recently to 
fulfil} the specialised quality requirement of steel technology. 


As per Indian Ferro-Atlloys Producers Association 
{IFAPA) at present the total installed capacity of bulk ferro- 
alloys industry in India is 5.10 million tonnes per annum and 
nobie Ferro-alioys is 50,000 tonnes per annum. The industry 
is reported to be working at about 60-65% capacity utilisation. 
The capacity of ferro-alloys of India is given in Table 1. The 
production of various Ferro-aljoys as reported by IFAPA is 
given in Figs. 1 to 4. Figure 1 shows the production of high 
carbon ferro-atloys during 2008-09 to 2011-12. The production 
of low carbon ferro-altloys and noble ferro-alloys has been 
shown in Figs. 2, 3 & 4 respectively. 


Tabte 1: Capacity of ferro-altoys industries in India {in tonnes per annum} 


Ferro-alioy T Installed Capacity | 
{a} Bulk Ferro-ailoys । 
{i} Manganese alloys 3160000 
7” {it}Chrome alloys 1690000 ! 
{iif) Ferro-silicon “550000. 
I ® Noble Ferro-alioys : 590000 i 
Total 5150000 | 
Production of HC Ferro-alloys | 
1.400.000 Te Fee Mengene ss | 
1260000 4 a Sdico Magenese 
1 200 500 4__ DUC Fete Chiomalcharge i 
i 00 906 
୫ ୫0000 
400 000 ¦ 
| 200.200 
| £ F oo oF 3 
| 2008-407 2067-16 2008-09 2003-10 2010-11 
| Yom 


Figure 1: Production of high carbon ferro-allevs during 2008-09 10 2011-12 
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Figure 22 Production of {ow carbon fJerra-atloys during 2008-09 10 2011-12 
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Figure 3: Production of Noble fJerro-atloys during 2008-09 to 2011-12 
flhuinnes} 
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Figure 4: Production of Noble ferro-aliovs during 2008-09 mn 2011-12 
{ Tonnes; a 


Raw Materials for Buik Ferro-Alioys: 


Our Country has reasonable resources of Manganese Ore 
and Chrome Ore to meet the requirement of Bulk Ferro Alloys 
Industry, if the policy of conservation of minerals by using 
beneficiated fow-grade ores is followed. 
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Manganese Ore: 


As per the Indian Bureau of Mines Survey Report of April 
2010, the tota! resources are 429,980,000 tonnes out of which 
about 141,977,000 tonnes is reserve as shown in Table 2. Out 
of total reserves, BF grade Manganese ore is 49,894,000 tonnes 
and Ferro-manganese grade is of 12,869,000 tonnes. The present 
production of Manganese Ore is around 3.00 Million tonnes 
per annum. Based on the IBM's Report of April 2010, the 
requirement of Manganese ore for ferro-alloys industry, will 
be available domestically for 20 years (excluding the inferred 
reserves). The production of Manganese Ore in India for last 
five years has been given in Table 4. 
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Figare S. Production of Manganese Ore during 2006-407 to 2010-11 


Chrome Ore: 
Reserves / Resources: 

As per United Nations Framework Classification system 
(UNFC), total resources of Chromite in the country as on 
1.4.2010 are estimated at 203 million tonnes, comprising 54 
million tonnes Reserves (26%) and 149 mitlion tonnes remaining 


resources (74%). Sukinda Valley in the State of Odisha has 97% 
of Indian Chromite Ore deposits and it has one of the largest 
Chromite Ore deposits in the World. Minor deposits are scattered 
over Manipur, Nagaland, Karnataka, Jharkhand, Maharashtra, 
Tamil Nadu and Andhra Pradesh. Gradewise, Charge-Chrome 
grade accounts for 35% of the resources, followed by Ferro 
Chrome grade (19%), Beneficiated grade (17%) and Refractory 
grade (5%). Low, others, unclassified and not known grades 
together account for 24%. Gradewise resources of chromite as 
on 1.42010 are given in Figure 6. 
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Figure 6: Gradewise resources of Ckmmite us on April 2010 


Based on the Survey report of Indian Bureau of Mines, the 
requirement of chrome ore wilt be available domestically for 
next 15 years (not including inferred) for Ferro Chrome Industry. 
The Industry has also started to use Chrome Concentrate 
(Beneficiated product from Low-grade chrome ore). Since the 
year 2000, the domestic demand of Ferro Alloys is increasing. 


Reducing Agents 


The high ash and volatile matter contents in the reductants 
have marked adverse affect on the ferro-alloys produced and 
furnace operation. The resistivity and reactivity of the reductants 
also has very significant effect on productivity of the furnaces. 
The high sulphur and phosphorous contents of the reduc- 
tants adversely affect the quality of ferro-alloys produced. 
0 Charcoa! is considered as the most ideal reductant in the 

manufacture of silicon alloys. 

o Metallurgica! coke from steel plants and other coke making 
plants along with non-coking coal are used for the production 
of manganese alloys. 

o Imported low ash & tow phos. coke along with non-coking 
low phos. coat and Anthracite coal are used in the production 
of chrome alloys. In India, coal reserves are about 202 bitlion 
tonnes but only about 15% of this is coking coal. Most of 
the coat are very high in ash and not amenable to known 
methods of washing because the shale rock is finely 
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distributed in coal. In the absence of tow ash & low phos, 
coking coal/coke in the Country, production of chrome 
alloys has to depend on imported coke. The Indian ferro- 
attoys producers have substituted 50 to 70 per cent of the 
requirement with low phos. non-coking coal though high 
in ash and imported !ow ash anthracite coal from Vietnam 
and recently from Russia and Ukraine. The production and 
imports of coal for 2009-10 and 2010-11 are shown in Table 
3 and 5 respectively. The production of raw coat in our 
Country increased from 493 MT to 533 MT during 2008- 
09 to 2010-1% and our Country imports 69 MT of low ash 
coal worth of Rs 4154 crores. 
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Ferro-alloys Making 
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The production of ferro-chrome, ferro-manganese and 
silico-manganese etc. is done in three-phase Submerged Arc 
Furnace. The Oxides of respective ores of these ores are smelted 
with carbon. The carbon as reductant comes from coke, coal, 


char and in some cases wood chips. The fluxes like limestone, 
dolomite, quartz, bauxite and magnesite are used to slag to 
desire composition. The raw materials are continuously fed into 
the Submerged Arc Furnace and hot metals are tapped at regular 
intervals through tap hole of the furnace. The tapped alloy and 
slag are separated by de-canting process or by adopting gravity 
using skimmer blocks. The metal is cottected or cast into cast 
iron pigs. After solidification, the same is crushed, sized and 
tater packed duly in drums or bags with chemical assay to make 
it ready for dispatch. 


In our Country, the total infrastructure and supplies i.e., 
power supply, transport, and communications, oil supply, coal, 
ores supply are in control of Government. So, the Ferro-alloys 
industry is dependent for almost 80% of the total Input on 
supplies from public sector and has no contro! on cost of these 
inputs. These costs are much higher as compared to the cost of 
similar inputs borne by producers in other Countries. For 
example power costs are 4-5 times higher than the power cost 
abroad. Hence, with such high input costs, the industry cannot 
survive to compete in the globat market. The Government has 
to make some policies to assist the industry for production. 


In the same time, ferro-alloys industries have to put their 
main thrust towards modernisation and re-engineering of 
existing facilities considering application of possible areas of 
energy conservation since power tariff in India is higher as 
compared to other Countries. The energy conservation measures 
can be adopted right from raw materials selection to disposition 
of final products which can be taken by the ferro-alloys industries 
is given in Figure.7. The continuous Research and Development 
in the process and products, energy conservation, utilisation of 
by-products, pollution control etc. is must to compete in the 
global market. 


Recent Developments 


The increase in production of ferro-atloys depends on 
minimising the energy consumption, for which it is required 
to (i) use high-grade raw materials (ii) to adopt better furnace 
design, durable refractory lining and efficient operation (iii) to 
utilise ferro-alloys scraps and recovery of alloy values from the 
slag and rejects and (iv) to develop new technology. In recent 
years, all over the world various R&D work have been taken up 
in these lines. Further, special types of ferro-alloys like those of 
refractory metals and rare earths are also been developed. 


A new ferro-chrome production route with higher 
production capacity was developed and commissioned at the 
Tornio Works of Outokumpu. This new process was specially 
designed to process soft and friable fumpy ores which was 
subsequently smelted in a closed electric furnace. In this route, 
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besides increase in production, there was substantial decrease 
in energy consumption. 


Shcherbin et al. have carried out some laboratory scale 
studies for producing low carbon ferro-chrome. They have 
found that the rate is considerable. In a view to manufacture 
low carbon ferro-chrome, one can use highly calcined lime 
having a carbon dioxide content of less than 2% untike the 
previous practice where this gas content was used to be 3 to 
5%. In this manner, it has been possible to produce ferro- 
chrome having a carbon content of not more than 0.019%. The 
highly calcined lime can be used for producing medium carbon 
ferro-chrome. 


Figure 7: Possible arcax of energy conservation in productiun of Ferra 
Alloys 


Kawasaki Steet Corporation Limited developed a process 
where reduction of chromium ore in a fluidised bed reactor 
using a hydrocarbon instead of oit, was carried out. The 
behaviour of melting, reducing foaming and dripping of 
chromite in a packed coke bed was examined and the viability 
of the smelting reduction process was established. However, 
the pilot scale results have to be examined prior to any 
commercialisation. 


CSIR-Institute of Minerals and Materials Technology, 
(CSIR-IMMT) Bhubaneswar is involved on smelting reduction 


of chromite to optimise stag composition to reduce loss of 
chromium in slag thus improving the chromium recovery in 
alloy. It has been possible to reduce Cr)O; in slag to a level of 
1.3 to 4.0% with 90 to 95% chromium recovery in atloy. 
Experiments to reduce electrical energy consumption have also 
been conducted simulating oxy-coal process in induction 
furnace. With 21/min. oxygen injection on top of the molten 
stag covered with 25 to 50g coke for duration of 5 to 10 minutes, 
it has been possible to reduce etectrical energy by 30% without 
affecting chromium content in alloys as well as recovery of 
chromium. 


For producing manganese alloy, preheating and pre- 
reduction of the smelting furnace charge, has been carried out 
successfully on bench scale because of the encouraging results, 
Outokumpu did carry out pilot tests at its metallurgical Research 
Centre in 1983 in order to optimise the conditions for scaling 
up the process. 


The smelting reduction of manganese ore has been studied 
in CSIR-IMMT, Bhubaneswar. It is possible to reduce manganese 
loss in slag to a level of 15.97% with 80% Mn recovery in alloy. 
The effect of slag basicity on foaming of the slag, reduction of 
manganese ore and the loss of manganese in slag have been 
studied in detailed. The effect of temperature on reduction of 
MnO in slag and the kinetic studies has been made. Efforts have 
also made to reduce the electrical energy consumption by oxy- 
coal process in induction furnace. With 51/min. oxygen injection 
on the top of the molten slag covered with 25 to 50g coke for 
duration of 2-10 minutes, it has been possible to reduce elect- 
rical energy consumption by 30% without affecting man- 
ganese content in alloys as well as recovery of manganese. 

Recently, a number of devetopments for producing ferro- 
nickel from lateritic ores have been made in Japan. Studies on 
concentrating nickel in lateritic ore up to 50-60% with a low 
nickel content by segregating process has been reported to be 
successful. As the process takes place below 950°C, compared 
to about 1600°C in the conventional smelting process, a 25- 
30% energy saving is expected on commercial scale. 


There is reported production of ferro-nickel 2200 tonnes 
Ni per month scale at Hyugu Smelter in Japan by rotary kiln 
and electric furnace. The development made in the areas are (i) 
improvement in ore sizing, (ii) substitution of heavy oil and 
anthracite by bituminous coal, pelletisation of rotary kiln dust 
and (iii) energy saving in electric furnace. 

A process for producing ferro-nickel by direct reduction 
of garnierite ore has been developed by Nippon Yakin Kogyo 
Corporate Limited, at their Oheyan using a rotary kiln after 
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pretreatment of raw materials and this crude ferro-nickel can 
be used as the raw material in the AOD stainless steelmaking 
process. A simplified mathematical model has been developed 
for the production of ferro-nickel from lateritic ores by the 
electrical reduction furnace reduction process (ERF process) 
and the same has been applied satisfactorily at the plant of 
LARCO, at Larymna in Greece. 

Studies on ferro-nickel making from Sukinda chromite 
overburden materials have been undertaken by CSIR-IMMT, 
Bhubaneswar sponsored by M/S TATA Iron & Stee! Company 
Ltd., Jamshedpur. The experiments were carried out to enrich 
nickel from Sukinda chromite overburden materials by reduction 
roasting in pan sintering unit followed by magnetic separation. 
Further experiments were carried out on smelting of nickel 
concentrate to make ferro-nicke!. Trial runs were carried out 
on SOkg scale using sintering pot grate furnace of 400x400x430 
mm cross Section with 400 mm bed height and 500 WG suction 
pressure below the grate bars. It has been possible to get a nickel 
rich concentrate containing up to 1.4% Ni from the feed 
containing 0.74% Ni by using the above process. When this 
concentrate was subjected to smelting studies, it was possible 
to obtain ferro-nicke! containing up to 4.1% Ni with 90% meta! 
recovery. 


In recent years, with the development of plasma generating 
system and the design and fabrication of large size plasma 
furnaces, various efforts are being made to produce metals and 
alloys by using such facilities. Plasma Furnaces are being used 
for direct reduction of iron oxide, chromite, manganese oxide, 
ilmenite etc. to produce the metals and their alloys. Plasma 
systems are also used for dissociating metal halides, in slag 
refining as well as various gas phase reactions. 


The instatlation and commissioning of a (5001b) 220 KVA 
DC transferred arc plasma furnace at the Mineral Resources 
Research Centre of University of Minnesota. The furnace is 
based on a hollow electrode designed with a 10cm graphite 
cathode and tilting lip for sample pouring. 


In early seventies, SKF Steel started a tong range research 
and development programme to produce metals and alloys by 
applying plasma technology. As a result of these efforts, it has 
been possible to develop commercial processes for producing 
iron, steel and ferro-atloys. Simultaneously, they have also 
developed plasma generators in the range of 1-10MW. 


In New Zealand, plant studies have been made to produce 
ferro-alloys by plasma as alternative to fossil fuels and electrical 
energy. These include the production of ferro-vanadium from 
New Zealand Steelworks slag; treatment of steel plant dusts, 
ferro-silicon, enrichment of titanium value in ilmenite etc. The 
council for Mineral Technology has embarked on a programme 
to produce ferro-titanium containing 30-40% Ti, and also Ti- 
Al-Fe alloy from a high titanium stag by using DC transferred 
arc plasma system. 


Various R&D activities on titanium have been carried out 
at CSIR-IMMT, Bhubaneswar. The studies on recovery of 
ilmenite and sillimanite from beach sand concentrate has been 
sponsored by M/S TATA Steel, Jamshedpur. Another 
beneficiation studies on beach sands of Srikakulam district, 
Andhra Pradesh has been sponsored by M/s Trimex Industries 
Ltd., Hyderabad. A number of other projects on plasma smelting 
of iliimenite has been undertaken. A detailed study was 
conducted on the separation of titanium rich slag and iron from 
pre-reduced consumption. The studies were conducted with 
static bed plasma smelting reactor as well as moving bed plasma 
smelting reactor, which was designed and fabricated based on 
the static bed data. 


A detailed report was submitted to M/S Indian Rare Earth 
Ltd. Chattrapur. The results clearly indicate that by varying 
various plasma processing parameters, it is possible to minimise 
the energy consumption significantly. The degree of metatlisation 
also plays an important role in minimising energy consumption 
and improving slag quality. 


The proposed R&D programmes 


The Proposed R&D Programmes can be directed into the 
following areas: 


1. Recovery of potential and sensible heats in off gas 
by implementation of closed Submerged Arc Furnace. 


2. Decrease in slag production which can save about 60-70 
units of power per tonne of product. 


3. Utilization of tapped molten ferro-atloy directly in steel 
making to conserve about 10-15% heat equivalent to electrical 
energy inputs in steelmaking. 

4. Application of computer control system for process 
contro! and raw materials handling system which helps to 
bring down 5-10% of specific energy consumption. 
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5. Implementation in furnace design and electrical parameters 
which help to save the electrical fosses in the system and 
reduces the specific consumption. 


6. Agglomeration of ore fines to utilise the fine ores 

7. Beneficiation of low-grade ores. 

8. Beneficiation of high ash coal which can be used as reductant 
in production of ferro-attoys. 

9. Utilisation of plasma smelting for direct feed in form of 
fines of ores and reductant. 

10. Refining of Ferro-atioys outside the furnace. 

11. Development of new Ferro-alloys. 


12. To find out the cheaper Sources of power generation for 
captive use like solar energy, wind energy, hyde! energy or 
captive power plant based on DG sets/ gas turbine/therma! 
power station. 


Conclusions 


During 1950 to 1970, our industrial development was in 
its infancy to meet our foreign exchange requirement. Iron ore, 
chrome ore etc. were exported. In the subsequent period the 
ferro-altoys and sponge iron industries were setup to add value. 
Jn this century, the metal price in the international market has 
gone up substantiatly and therefore, the conversion of semi 
product to finished product is extremely important from 
national point of view, 


The production of Ferro-alloys in larger quantities of basic 
ferro-alloys which are required for the growth of steel industries 
at home as well as to cater to the international market is only 
possible by proper management of raw materials and energy 
required for the production of ferro-atloys. The mineral like 
chrome ore and nickel ore are non-renewable assets and our 
Country has got limited reserve. Therefore, it is very important 
on our part to make judicious use keeping in view our long 
term requirement. For this purpose, chrome ore and chrome 
alloy export to be limited and all efforts should be made to 
convert charge chrome to stainless steel and special steel to 
meet domestic and export need. 

Beneficiation plants to upgrade our medium and low grade 
chrome ore and nickel containing chrome ore overburden 
shouid be installed for charge chrome and ferro-nickel 
production. The charge chrome and ferro-nickel are basic input 
for stainless production. 


Value added products (Engineering and other technotogical 
items) are to be produced for meeting domestic demand and 
export with a view to conserve our mineral resources. In the 
past, we have already suggested to Govt. of Odisha that processing 
of raw materials which are being wasted during mining are to 
be scientifically utilised to produce value added product. This 
will be promoted by a company as an auxiliary of OMC/IPICOL 
entitled “National Innovative Mining and Metal Limited” to 
look after the promotional effort establishing pitot demonstration 
and commercial plant in our State. These valuable raw materials 
can provide the base for manufacturing of Fe-V, Fe-Ti, Fe-Ni 
etc. which our Country is importing for production of special 
steels. We understand this is under consideration by Govt. of 
Odisha. 
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Sponge Iron - Problems & Solutions 


Dr. Ing. HN. P. Misra 
Er-Chainnman PICO. 


Introduction 


Sponge iron is reduced form of iron orc and has an iron 
content of 83 - 92%. It is a substitute of steel scrap (or steelmaking 
through the secondary route i.e. direct reduction/electric arc 
fumacc. This also replaces ferrous scrap as a coolant in LD 
converter. The value of DR! is measured by comparing its 
cost and properties with those of scrap. It has low sulphur content 
und has the advantage to use non-coking coal for reduction and 
fuel purpose. 

For better melting results. the criteria for selection of sponge 
iron are - 

e High total iron content: 

@ Aincnable to appropriate reduction; 

@ Low gangue, sulphur and phosphorus content; 

e Suitnble size, range and shape. 

The advantages of using spunge iron in electric are? 
induction furnace in the charge mix are as follows. 
© DRI permits automatic continvous batch charging. 

e It helps create a foamy slag - provides lower electricity 
consumption, faster melting time. decreased electrode 
consumption. longer refractory lite and enhanced steel 
quality. 

@ The chemical composition of DRI is known exactly and is 
uniform. 

@ [It contains very low level of undesirable metallic impunties. 

e Use of DRI permits dilution with low cost scrap. 

@ Less noise occurs during meltdown with DRI than scrap. 

e {ft does not require desulphunsing and dephosphorising 


process in electric arc/induction fumace. 


Review of Direct Reduction Processes 

Essence of DR Process 
Any DR process features 4 distinct steps. 

e The availability of reducing agents. c.g. solid carbon. 
carbon monoxide. hydrogen. 

e@ Heating of the burden to reaction temperature. and supply 
of reductant for the reduction process. 

@ Ore reduction by providing adequate time of contact between 
thc iron ores and other reductant. 

@ Coanling and discharging of the directly reduced ores. 
evaluation of the waste gases (ollowing completion of 
reduction. 

Classification of DR Processes 

A DR process may be classified by the type of reductant 
it uses - solid or gaseous. It may be identified according to the 
fumace it utilises - rotary kiln, shaft furnace. retort reactor or 
fMuidised bed reactor. Generally, DR processes are classified 
into the following four types: 

e Rotary kiln process on the basis ol solid carbon. 

e Shaft furnace processes on the basis of reduction guses 
produced from solid carbon. or produced by cracking natural 
gus or fuel oil. 

@ Rctort process on the basis of reduction gas produced by 
cracking natural gas or on the basis of solid carbon. 

e Fluidised bed process on the basis of reduction gas produced 
by cracking natural gas or fuel oil. 

Process Description 

HYL Process 

The process has been developed to use economically 
reduction agent other than natural gas. such as reforming of 
naptha or ther light hydrocarbons, gasification of coal and oil 
and u completely new technique of use of coke oven gas without 
any reforming facilities. 

Due to the static bed characteristics of the direct reduction 
process. fines generution is the lowest, allowing the direct 
chargiog of such fines and extemally heated by the combustion 
of the process ‘tail gas’ used as fuel 10 recuperate its remaining 
heating value. ‘The gas 1» passed through a desulphunsing unit 
at the entry of the plant. 


re ee 
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Apart from naptha reforming. the reducing gas can also 
be produced by coal gasification and partial oxidation of fuel 
oil. 

The reducing section of an HYL plant consists of a set of 
tour reactors, three of which are in line and the fourth in charging 
- discharging operation. The reduction of the one is performed 
in two stages aid third stage for cooling and carburisation, each 
stage last about 3 hours. The first onc is a heating and initial 
reduction. for the materials just charged, where the first part of 
reduction take place The second stage, where the main reduction 
occurs. and the third stage, where the final points of metallisation 
are achieved and atso deposition of carbon. Carbon deposits 
during the cooling stage and mainly during the period when 
the temperature of the product passes through a certain 
“carburisation band eccurring in the neighbourhood of 50°C. 
At such temperature. carbon deposits as FesC. forming a 
“cementite shell’ which among other advantage, protects the 
product against reoxidation. In the HYL sponge iron, over 95% 
is a cementite carbon and mainly concentrate in the external 
shell. About 80% of the carbon deposition is concentrates in 
an external shell of ahout 2 mm. The reduced matcria!l can be 
directly charged in the electric fumace. so. no screening operation 
are required thus eliminating the cost of screcning and 
briquetiing. 

In the HYI process, a reducing gas rich in hydrogen 
and carbon monoxide is used, obtained by several procedures 
une of which is the catalytic reforming of natural gas, which 
is mixed with water vapour before entering the reformer unit. 
Though most of the HYL plants operate with natural gus. 
other feedstock for seam reforming arc propane, butane and 
napthy. 

Steam reforming for these inpuls may be represented by 


the following two chemical equations. 


For natural gas 


CHy + HO 9 CO + 3Hy (1) 
For naptha 
C7H10+7H20 > 7CO + 15H (2) 


These reactions are endothermic and so, require heat and 
a nickel base catalyst. 

Apant from naptha reforming. the reducing gas can also 
be produced by coat gasification and partial oxidation of fuel 


oi. 


Metallisation and productivi 

The meiallisation is a function of time of contact between 
gas and iron ore. the metallisntion level can be varied at will 
by controlling the cycle time. An HYL plant can operate 
satisfactorily within limits of 83 to 94%. The productivity of 
an HYL plant is directly related to the metallisation. A decrease 
in metallisation is accomplished by a decrease in cycle timc, 
which reflects in an increase in productivity. Such metallisation 
decrease is beneficial if carbon deposition can be increased so 
gs to pmdice a ‘balanced’ sponge iron, where the carbon content 


compensate for the additional FeO in the product. 


The increase in prexluctivity thus obtained represents a 
decrease in operating costs fixed and variable in the same 
percentage of the production increase. since the plant will 
remain operating at the same total gas composition same 
electricity, same man power, sume financial costs, etc. 

Some of the salient features of HYL technologies are as 
follows: 

@ Plant capacities 100,00) to 700,000 tpy in a single module 
or multimodules can be set up. 

e Reducing gas can come from reformation of natural gas Or 
any light hydrocarbon by gasification of coat or oil or by 
different use of coke oven gas. 

e Metallisation and carbon are accurately controlled and can 
be combined to give a balanced product. 

@ Encrgy requirement are lower than 3G Cal/tonnc. 


e@ A wide range of iron ores can be used as feedstock, as 


peliets. lump ore or any combination thereof. 


e@ Fines generation is kept to minimum. Such fines can be 
changed directly to the furnace without screening or 
briquetting. 

@ HYL product is stable, even if stored in open space. Any 
means of transportation is acceptable. 

@ Outstanding characteristics of steelmaking. The boiling 
action created by the formation of gases increases the 
thermal efficiency, which reflects in cost savings and 
increase in productivity. 

Midrex Process 


The Midrex technique produces 92% to 99% metallised 
material from cold industrial exide pellets as they pass down 
a shaft furnace in a counter flow of heated reformed gas. The 


reforming natural gas has a Ha/CO ratio of 1.6 and the 
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temperature ix 90°C, in fumace pressure of the counter cument 
shuft furnace is 100 kilopascals und the energy necessary for 
reduction is 10.5 giga-jules / tonne - DRI. Pant of the exhaust 
i» mixed with natural gas and reformed. and the remainder is 
used us the fuel for the reformer fumacc. In the HYL-NI process. 
the Hy/CO of the reformed gas is 3, the temperature is 930°C, 
the in fumace pressure of the counter current shaft furnace is 
450 kilopuscals and the energy necessary for reduction is 
basically the same in the Midrex process. In both processes, 
higher fumace temperature result in higher productivity because 
the metal is reduced by endothermic reaction. 


However, an excessive furnace temperature will cause the 
pellets and lump orc to melt during reduction. The maximum 
reducing rate is about 95% and the carbon content is limited 
to about 2.5%. 


The large specific area of the active surface of spongy 
DRI makes it sensitive to reoxidation and ignition when it 
comes into contact with air and water, specially sea water. 
Handling and transformation were therefore difficult and 
potentially hazardous. To overcome this difficulty, a hot 
briquetting facility to minimise the specific area by compaction 
was developed and has been installed in the lower part of the 
counter current shaft fumace. This had resulted in producing 
hit briquetted iron (HBI) has minimised the risk of ignition 
and substantially reduced rcooxidation making handling 
and transportation of DRI much easier, and enabled DRI to be 
used as a substitute for scrap in stcelmaking by the electric 
fumace. 


SL/RN Process 


The original SL process was centred around a rotating 
refractory lined cylinder, slightly inclined to the horizontal st 
that ore and solid reductant feed in one end will Iravel by 
gnivity. through several heating zones and exit from the other 
end. The modification in RN process added 3 system of bumners 
positioned along the full length of the cylinder, the fuel inputs 
to these bumers muy be controlled and varied so that 4 desired 
temperature profile in side the kiln may be maintained 
longitudinally. Together, these systems make up the SL/RN 
press. 

The flexibility in the use of wide range of carbonaceous 
material is one of the important advantages of this process. 
Supplementary Muels such as naturul gus, fucl oil may also be 
used, Limestone and dolimite may be included with the mput 


material as part of the charge to take cave of the sulphur of the 
reductant. 

The kiln temperature is maintained around 1050°C with 
residence time from 2 to § hours, The residence time and 
productivity depends greatly on the desired degree ot 
metallisgtion and the characteristics of the ore and coal The 
reducibility of ore and its degradation tendency are important 
factors but coal reactivity and ash fusion temperature are (ar 
more essential, 


After the processed material are discharged from the kiln 
and cooled, the metallic product is scparated from the coal char 
and flux by screening. The char is recycled so that the kiln at 
all times has a large excess of reducing agent, Sponge iron, 92 
10 94% mctallisation is produced by this process. The energy 
requirements has been claimed to be low 14 million BTU/tonne 
of iron produced. 


The SL/RN processes may be characterised by the two 
types of plant. Long rotary kiln. with iron ore charged in a cold 
condition, heating and reduction taking place in the kiln. Short 
rotary kiln with rmaveling grate place ahead of the kiln where 
the ore is preheated by the waste gas. 

Sponge Iron Industries in India 


India has emerged as the world's largest producer of 
sponge iron after Venezuela. The growth of sponge iron units 
specifically during the lust part of nineties is substantial in 
terms of capucity and production. Instalted capacity of sponge 


iron units increased and stood at around 26 million tonnes. 
Alter Brgal, India is the only country which has both gas-bused 
and coal-based pliunts. Besides, almost all sponge ironmaking 
proecsses like SL/RN. ACCAR. CODIR. KRUPP, TDR. Hy L. 
MIDREX are in operation in India. 
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Ma-ar Prohiems with Soc oe cece Piar ¢ 


Following are the major problems generally encountered 


in sponge iron plants. 


Raw Material: DRI technologies are Very sensitive to the 
quality of raw matenals like iron ore and coal. For rotary kilns. 
disintegration behaviuur of iron ons is Very important in evaluating 
lump ime ores. Degradation during and after reduction should 
be low. If this is not low Fines content of the product i» high. 
DRI of less than 3 mn: are not preferred. Since no melting or 
refining occurs all other impurities in the oxide feed get 
concentrated in the final product necessitating the use of ore 
with high iron content preferably greater than 64%. Coal should 
be totally non-coking in naturc. as the coking quality leads to 
agglomeration of charge, reducing reduction process and material 
flow in the kiln. With high ash content of coal. a significant 
portion of kiln volume is occupied by inert material and thus 
affecting the productivity. Ideal ush content is 20-24% although 
coal with 35% ash is being used in commercial operation. Coal 
sizing becomes difficult dunng rainy seasons. 

Ring formation in rotary kiln:- Formation of ring or 
accretion is duc to deposition of low melting complex compounds 
on the refractory wall of the kiln which increases in thickness 
with fine and ultimately takes the shape of a circular ring. The 
main reason ts the formation of low melling complex» compounds 
like wustite. fuyalite in FeO-SiOs-Al20;5 system or iron- 
mugnesium silicate, spinels, etc. in CaO-MgO-FeO-SiC2-Ah03 
system. Agglomeration of fines nearer to charge end, sintcring 
of sponge iron due to excessive temperature is also responsible 
for some accretions. Temperature difference between solid and 
gas should not exceed 100°C in order to minimise concentration 


of heat on refractory wall or on the solid bed surface and thereby 

preventing materials fusing and sticking together or on the 

refractory wall. Use of higher reactivity coal can minimise this 
to lurge extent since kiln can be operated at relatively lower 
temperature. 

Magnetic separation of finished product from non-magnetic 
generally does not perform well. About 2 - 2% char is mixed 
with the prime product. 

Jn gas-based sponge iron plants following problems are 
encountered: 

i, Fluctuating compositions of natural gas. 

ii. Channeling of the gas flowing through the packed bed in 
shaft turnacc. 

iii. Sticking together of the matcrials. 

iv. Contamination of reformer catalyst especially with high 
sulphur containing fced. 

+. Product is pyrophoric and needs briquetting. 

Scopes for Process Improvements 

Coal-based sponge iron process has the main drawback 
of higher energy consumption compared to gas based process 
where a major portion of waste energy is recycled in the process 
itsclf. Following measures cun be taken for improving thermal 
efficiency and other proccess parameters: 

i. By enriching secondary air with oxygen energy consumption 
can be reduced. 

ii. Injection of submerged air reduces the length of preheating 
zone in rotary kiln. 

iii. Use of alternative reductants like charcoal, lignite, middlings 
from coal washeries. 

iv. Use of coal gasification and of gusified coal in shaft fumaces. 
By means of coal gasification vinually ull types of non- 
coking coal can be utilised for direct reduction process. 

v. Use of coal gasification and of gasified coal in shaft fumuces. 
By means of coal gasification, virtually all types of non- 
coking coal can be utilized for DRI process. 

vi. Uulisation of wastc heat for power generation. About 25 
GCal of heaVhour is Jost in a rotary kiln of 0.1 million TPA 
capacity. 

vii. Proper utilisation of iron ore fines wasted during crushing 
and sizing by slinging ore fines (3-6 mm} into the kiln from 
the discharge end. 


@ Source: Iron and Steel Review, Yol.57, No. 5. October 2013, pp 134-140 
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Abstract 


Red Mud. a by-product generated from the caustic leaching of 
bauxite to produce alumina in the Bayer Process, causes serious 
environmental problems and is considered as a hazardous 
industrial waste. A novel process has been developed for 
production of Pig Jron from NALCO Red Mud by employing 
Plasma Smelting Technology. Red Mud containing 15-40% FeO; 
was subjected to Thermal Plasma Smelting by use of Extended 
Arc Plasma Reactor at u temperature of {600°C for a period of 30 
minutes and high quatity Pig {ron was produced. Effect of various 
prucess parameters like basicity. amount of reductant, plasmagen 
gas. input cléciric power and reduction lime for recovery of Pig 
Iron has been studied and optimized. Basicity of 0.3. reduction 
lime of 25 minutes at 12.5 KW power was found to be optimum 
for maximum recovery of pig iron (70%) from Red Mud in Ikg 
scale. 
Introduction 


During digestion of bauxite with caustic soda employing Bayer 
Process. Red Mud. ua hazardous waste material is generated at the 
rate of two tons of Red Mud per une ton of alumina. NALCO, a 
Navaratna Coinpany under Government of India, has set up Asia's 
lurgest integrated Alumina- Aluminum complex in the state of 
Odisha, India and produces 15,75.000 MT of alumina per annum. 
In the process about 31.50.0000 MT of Red Mud iv generated 
which is preserved in a nearby pond specifically made for the 
purpose which contains uround 3M(}-50 % iron. 


One among the top ten alumina refineries in the world, NALCO’s 
encrgy efficient alumina refinery utilizes time tested Bayer’s 
process technology of atmospheric pressure digestion at lower 
(emperature. 


Utilization of Red Mud for production of cement, tiles. breks and 
blocks ete has been tried by many researchers. However these 
efforts have resulted in partial utilization of Red Mud and the 
problein of bulk uulization of Red Mud sull remains a challenge. 
Since Iron is a major constituent of Red Mud, it was thought 
prudent to extract iron values in the form at Pig Iron utilizing the 
novel Plamina Smelting Technology. By employing this 
technology. techno-economic feasibility for bulk utilization of 
Red Mud can be established. 


Ray Materials 


The raw materials used for the present work are NALCO Red 
Mud. Limestone , Quartz and Fluorspar. The chenucat analysis of 
these raw matenals are presented in Table-1 amd Table-2. Mec 
chief constitute of Graphite is carbon of 99%. 


Table-1 : Chemical Analysis of NALCO Red Mud (wt %) 


Red FD. | 0. [TO TAD. | Na 
Mud 
br od tol la Gal iad 


Experimental 


Experimental Set up: 


Schematic diagram of SOk\W DC Plasma reactor i< shown in Fig.l. 
lt is a pot type of rector where two graphite electrodes are 
arranged in the vertical configuration. The graphite crucible in 
used as the hearth of the reactor and iv connected to the bottom 
graphite anode. The crucible assembly constitutes the anode. The 
top graphite electrode known as cathode is having an axial hole to 
pass the plasma forming ga. The bottom electrode and the 
crucible are kept fixed. The formation und ~uubilization of the 
plasma arc is dunce by the movement of the top electrode. with 
simultaneous applicatiun of power supply which i actuated by o 
rack and pinion mechamsm. The hearth is henmally insulated by 
the bubble alumina in 3 mild steel casing. Graphite spout is 
connected in the hearth for tapping of beth neial and <lag The 
water cooling system is provided at the end of the top and bottom 
electrode tv avoid the over heating of electrical fefminals. A 
graphite hd is provided with ceramic insulation te prumate free 
travel of the electrode without electrically shorting the body The 
hid ais thermally insulated with magnesia and opened for the 
exhaust gases. The efectnical power to the plasma reactor t» 
supphed by a DC SO KW power source 
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Fig.l Schemmxux diagram of indigenously developed extended arc 
Plasma reactet 


FPlasms Sinelting of Red Mud: 


intially Red Mud. coke und dolomite ? limestone? fluorspar (flux) 
powder of required composition were thoroughly med and 
charged inside the graphite crucible. Argon gas was used as 
plasmagcn gas and was passed through the top electrode at a rate 
of 1.0 LPM. The arc was struck and the current of 250} amperes 
was maintained wilh an arc voltage of about 60 volts. The plasma 
arc was continued for 20 to 30 minutes to complete the chemical 
reaction. The temperature of the molten bath was measured by 
usmg Minolta Optcal Pyrometer. At the end of the smelting. the 
tap hole was opened and the molten pig iron and slag were 
allowed to pour in to the graphite mould. The experimental 
conditions are furnished in Table-3. 


j fo: Red Mad + 1% 
j Graphutc + ¥+ Quart 


ltRet Mud < ti 
Geaplute «< 10% 
Limestone + Quaru 

! 1 Borxay 015} 


2 ¢ Ked Mut + | Redmadsikg 
Graphic + Flonespar | Graphites=1 { Uprrn 
Fulcnpas » adbicd | Quarnv=Mgm 
heture tappmy 
i Bway U23{ 


4 Red Mui + 
Geaptule + Flurtnpat + 
i Liruestote? 

© Plosospu ~ added 
} betas tapping 
i { Basicity O43} 


Redmud=1kp 
Goaphne= | Hig 
OQuanez>thgm 

Lime wone= 0g m 
Fowspar=47 gm 


Results and Discussions 


The red mud nlong with graphite and Mux (Limestone/ Flourspar) 
were smelted in 3SkKW extended arc plasma reactor. The main aim 
and ahjectives of the work was to find out higher recovery of Pig 
Iron. To achicve this. the process parameters like basicity and 
reduction time were studied. 


The probable chemical reactions occurring during Fe;O+ reduction 


are the following: 


2 Fe:0:+CO=2Fc:0,+C0O; 


(1) 


FesO,+CO=3FcO0+C0O; (2) 
FcO+CO=Fe+C0O; (3) 
Fc;0+3CO=2Fe+3C0; (4) 
Carbon content in graphite reacts with atmospheric Os to form: 
C+0,=C0; (5) 
COC = 2C0 (6) 
2C+0,= 2CQ (nD 


CO is most stable at above 1000"C. Tt is a good reducing agent 


and reduces FesQ.. 


Jn plasma fumace, CO reacts wath Fe;O:. The reaction steps are as 


follows:- 

Fc:O0:4+CO=Fe6)0,; +CO0;, {8) 
Fe10,+CO=F¢O+C0O; (9) 
FeO+CO=Fe+C0O; am 


However ome direct reduction of FeO by solid carbon may also 
occur according to the reaction (11). All the equations except (11) 
are exothermic. 


FeO + C = Fe +CO (11) 
The experimental parameters like effect of basicity, reductant and 


reduction time have been studied and a typical metal and slag 
analysis are given in Table 4 and Table $. 


ee Parameters (wi%) 


Table-6 Slag Analysis 
Test Parameters (wt%) 


Fe(Metal) | FeO | ALO; | SiO; | CaO | NajO | MgO | 


is [so [am | ne [26 | 300 | 50 


The Effect of Basicity on the Recovery of Pig Iron: 

Basicty plays an important rote in the production of Pig [ron 
from Red Mud. The basicity ranging from 0.07 to 1.50 has been 
studied. It is observed that the maximum recovery of 71.10% 
achieved wath the basicity of 0.25. With further increase of the 
bisicity, the melal recovery decreases (Table-7). This may be 
due to the fact that presence of alumina makes the slag more 
viscous. This is substantiated by the metallographic and EDS 
studies {Fig. 5). 
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Table-7 Effect of Basicity {Red Mud (RM).Limestone(LS), 
Graphite(G). Quartz (Q). Dolomite (D)] 


Raw Materials Basicity 
Fre 
(%} 


RM=3505.G=11%, 
CaCO 6% MS=64%, 


RM=350g.G=11%, 
Q=5%. D=16% 


The Effect of Reductant on the Recovery of Pig Iron: 


The effect of reductant on the recovery of Pig Iron was studied in 
the range of 9 to 14% of the charge mix. In this case graphite ix 
acting as the reductant. The results are shown in Table-8. From 
the results obtained. it is observed that the recovery of metal is 
increasing with increasing the amount of reductant from 9 to 11% 
and thereafter, a decrease in trend is abserved. The reasons are 
not clear and needs further in-depth investigation. 


Table-8 Effect of Reductant (graphite) 


[Experimental Conditions : time= 15min. Powers 12.5 kW and 
Basicity=0.2]: 


Reduce | Metal Metal 
No lant ¡ Weight ¡ Recovery 
(%) Li (%) 
ME a a ial 
LS=10.0%., Q=5% 


RM=3505. 
LS=10.0%. Q=5% 


RM=350¢. 
LS=10.0%. 


60.00 


49.00 42.20 


The Effect of Reduction time_on the Recovery of Pig Iron: 


SL.7P2 


LS=10.0%, Q=5% 
RM=350g, 
LS=10.0%, Q=5% 


The recovery of Pig Iron production depends on the reduction 
time. The time range from HH to $7 min have been studied. The 


Material 
Charged 


results are shown in the Table-9. ft is observed that there is 
increase in the recovery of Pig Iron up to 15 min and thercafter it 
decreases. This may be due to evaporation of metal valves during 
prolonged smelting operation periud. Thi» may be due to the 
reverse reaction of iron to form complex failitc slag. Further 
investigation in this line is being camied out. 


Table-9 : Effect of Time: { Power 12.5 kW and Bavicit 
: Time Metal 
(min) 


j= (9.21 


RM=350g 
LS=10.0%, 


LS=10.0%. 
G= 11.0%, 


RM=350g 
LS=10.0%. 


RM=350g 
LS=10.0%, 
G= 11.0%, 


RM=350g 
LS=10.0%, 


LS=10.0%, 


LS=10.0%,. 


Statistical Design of Experiments: 


The experimental parameters like basicity, reductant, ime and 
power have been optimesed by matistical design of experiments 
and extrapolation of results which indicates that basicity of 0.3. 
reduction ime of 25 minutes at 12.3 kW power was found tw be 
optimum for maximum recovery of pig iron (70% 3 from Red Mud 
in Ikg scale. 


Process Flow Sheet: 


Thermal Plasma Technology offers a unique process tor the 
production of Pig Iron from Red Mud- an industrial waste from 
Alumina Refineries. By employing this technology, a process 
flow sheet has been developed for extraction of Pig Iron from 
NALCO Red Mud which is shown in Fig. 2. 


The appropriate quantities of raw materals viz. Red Mud. 
reductant and Mux are mixed properly in a dry ball mill and then 
the charge mux was subjected te Thermal Plavina Treatment. The 
change mix was smelted in the Thermal Plasma Reactor and the 
metal and slag were tapped separately Phe tapped inetal can be 
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alloyed with Fe-S1. Mg wtuch yiekh S.G. Inn The slap produced 
vn be uttred for tbe many facture of the/vement 


Metal 
Py cen) 


1 
5 Fea 


| 
ars: preparation 


Fig.2 : Process Flow Disgram 


Metallographic Studies of Red Mud, Pip Iron and Slag 
(2) Red Mud: 


The Red Mud sample was subjected tv metallographic studies. 
The microstructure a» well as the EDS analysis are shown in the 
Fig 3. EDS analvas dato clearly 1odieate that the distnibution of 
ditteren! elements in the Red Mud 1s not unmitorm. However many 
trace clements which remaned undetected dunng bull chemica! 
analysis of red mud and slag were easily detected dunng EDS 
analysis These dat inthcate the comple> compoution of Red 
Mud and consequently that of the smelter slug. 


Fig Thr Microstructure and EDS unaltsis of Red Mud 


{(b) Pig Iron 

The Pig Aron produced hy above method was subjected to 
metallographic studies. The microstructures of the sample were 
examined in a light mcroscope at yYanous magnification. Mout of 
the amples developed 3 completely white or mottled structure 


This is 10 he expected because Silicon was picked up by way of 
reduction of the silica in the red mud and the quartz added 
However, the silicon in the metal was madequaté lo cause 
graphittzation. The secondary electron micrograph of a plasms 
smelted Pig fron and EDS analysis arc dhown in Figs. 


FigA The secondary electron micrograph of 2 plasma smelted | 
pig iron and EDS analysis | 


From this mudy tt is observed that high concentration of Cr. Cu 
and P are found to be present in the particular spot analysed. The 
minor quantities of Cr;04. P50. and CuO present in the Red Mud 
are completely reduced in the plaama smelter and are picked up in 
the Prg Irom. 


ft is interesting to note that Al has been picked up. Normally 
AlsOr is so refractory that at is never reduced in the blast furnace 
or electric are furnace. But the high temperature in the plasma 
reaction Zone apparently favoured reduction of Al;O4 and pick up 
of Al in the metal, presumably as complex Fe-Al-carbide. 


Tuanium 2» also picked up most likely a> a complex 
carbonitride. since the typical cuboidal precipitates of TiC could 
not be detected even after thorough scanning of the 
rmcrostrocture. Apart from reducuon of iron oxide and silica. the 
reduction of other oxides also consumed the reductant Naturally, 
such undesirable reduction reactions increased on prolonging the 
tnal. Evidence of reduction of other oxides has been obtuined 
through EDS analysis. 


{c) Pig Iron Slag 
‘The metallographic and EDS analysis of slag samples collected 
from the plasma reactor 1 shown in Fig.S. 


Fig5 The Metallogruphic and EDS analysis of a Pig Iron slag 


Digitized by srujanika@gmail.com 


Strategy for Development of Mineral Based Industries in Odisha 


From this study it is observed that the Pig Iron slag is rich in 
Al;O; along with SiO», MgO . FeO , CaO. TiO etc . 


Conclusion 


Thermal Plasma Technology offers a unique one step process for 
processing of Red Mud. Red Mud will be an important source of 
iron for the steel industry in future with appropriate technology. 
Present work takes a critical look into an innovative method for 
utilization of Red Mud-an industrial waste. The Therma) Plasma 
process has been developed for recovery of metal values frum Red 
Mud as high value pig iron by optimizing process condition. 


Optimised results shows that a basicity of 0.3 with a reduction 
time 25 minutes at plasma power 12.5 kW are optinuzed at which 
maximum recovery of pig iron to the extent of 70% can be 
achieved. 
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ABSTRACT 


Red Mud of Indian origin contains around 50% plus of Fe,O, depending on the source of bauxite 
and is considered as a hazardous waste for the Alumina Industry. For production of one tonne of 
Alumina employing the time tested Bayer's Process, around two tonnes of Red Mud is generated 
from three tonnes of Bauxite. No suitable avenues for bulk utilization of Red Mud have so far 
emerged. 


In the present study, efforts have been made to produce pig iron from Red Mud containing major 
oxides viz. 37.52% Fe203, 20.48% AlzO3, 8.72%SiOz2 and 10.69% TiOz by employing state- of -the 
-art Thermal Plasma Technique. In the process, Red Mud in the powder form is charged into the 
Thermal Plasma Furnace at a temperature of 1600°C for a duration of 30 minutes. The pig iron 
thus produced, contains 93-95% Fe with recovery efficiency of 90% at optimized conditions. The 
residual slag produced in the process is utilised for manufacture of cement. The quality of cement 
so produced, matches well with the specification of standard Portland slag cement (PSC) 
presently in use in the constuction sectors. Thus the process can very wel! be considered as a zero 
waste process for production value added materials from Red Mud. 


Key wards: Pig iron, Portland slag cement, Red Mud, Plasma Technique, Smelting 
reduction 


1.0 INTRODUCTION 


Red Mud, a by-product generated from the caustic leaching of bauxite to produce alumina in the 
Bayer Process, causes serious environmental problems and is considered as a hazardous industrial 
waste. During digestion of bauxite around two tons of Red Mud per one ton of alumina is 
produced. In India, various alumina producers viz. NALCO, BALCO, HINDALCO, INDAL, 
MALCO and VEDANT produce around 2 million tonne per annum of red mud which is stored by 
the companies in nearby ponds specifically made for the purpose which contains around 30-50 % 
iron. Utilization of Red Mud for production of cement, tiles, bricks and blocks etc has been tried 
by many researchers. However these efforts have resulted in partial utilization of Red Mud and 
the problem of bulk utilization of Red Mud still remains a challenge. 


Thermal plasma is ecofriendly with very low effluent production which makes it increasingly 
attractive for various metallurgical applications. Generation of high density ionic charge helps in 
uniform heat transfer to the charged material at a faster rate, hence reaction time is very short. A 
clear slag-metal separation can be obtained in this process . Moreover, unlike blast furnaces, for 
plasma reactors, any specific shape or size of the feed is not required. Hence, fines can also be 
used as feed for the thermal plasma operations. 
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Since iron is a major constituent of Red Mud, it was thought prudent to utilise iron values in the 
form of pig iron from red mud utilizing the state-of-the-art of thermal plasma smelting technique. 
This novel process will help in production of pig iron which can be utilized for steel making. By 
employing this technology, techno-economic feasibility for bulk utilization of Red Mud can very 
well be established, thereby signifying the importance of production of wealth from waste 
materials. 

1.1 Plasma smelting of red mud: Fundamental Principles 


Plasma smelting of red mud was carried out in an extended arc plasma reactor using coke as a 
reductant. The Fe,O, content in red mud is reduced to pig iron by carbon content of coke. The 
reduction of red mud with coke under thermal plasma may have the following chemical reactions. 


3 Fe,0;+CO = 2Fe;0,+CO, (1) 
Fe;O,+CO = 3FeO+CO, (2) 
FeO+CO = Fe+CO, (3) 


Fe,O,+3CO = 2Fe+3CO, 


The above referred chemical reactions can be extrapolated to the Boudward Reactions as 
followes: 


Boudward Reaction 


Carbon content in coke reacts with atmospheric O, to form. 


C+0, = CO, (4) 
CO,+C = 2CO (5) 
2C+0O,= 2CO - AH (6) 


CO is most stable at above 1000°C. It is a good reducing agent and reduces Fe,O, to Fe. 


2.0 RAW MATERIALS 
2.1 Red Mud: 


Red mud of Indian origin was used for the present study. Its chemical composition is furnished in 
Table 1. 
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Table 1: Chemical characteristics of red mud:- 


2.2 Coke: 


Na;jO,% | LOL 


4.65 । 11.98 
| 


The chemical composition of coke used for the study is furnished in Table 2. 


Table-2 Chemical composition of coke 


2.3 Lime Stone 


The lime stone used as a flux in the present studies has the following chemical composition as 


furnished in Table 3. 


Table3: Chemical composition of lime stone 


42.45 


3.0 EXPERIMENTAL 


Smelting studies were carried out in a 35 kW dc extended transferred arc plasma reactor. The 
reactor is basically a pot type reactor with zircon coated graphite crucible as the furnace hearth, 
which is thermally insulated by bubble alumina. Graphite electrodes are arranged in a vertical 
configuration. The bottom electrode (anode) is kept stationary and top one (cathode) with an 
axial hole for passing the plasma forming Argon gas is actuated by rack and pinion mechanism for 
arc stabilization. The hearth is provided with a graphite spout to tap both metal and slag. A 
schematic diagram of the reactor is given in Fig 1. Flow of argon gas was regulated at 1.0 


liters/minute throughout the period of experiment. An average arc voltage ot 50 V and 250 
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amperes current were maintained during the experiment. Temperature observed in the plasma 


reactor was 1400-1600°C. 


Dry red mud along with coke and lime stone was charged to the reactor. The amount of 
reductant was kept at 20% , the basicity was varied from 0.25 to o.5 and the reduction time was 
varied from 25 to 35 minutes.The plasma power input was maintained at 15 kW through out the 
study. It is observed from the experimental data, the maximum iron recovery obtained is 68% 
from ikg scale of dry red mud with the following condition- reductant: 20%, basicity: 0.25, 


smelting time:3omin, and Plasma Power input 15kW. 


1 Alumina block 

2. Water cooled MS casing 
14 3 Bubble alumina 

4. Graphite crucible cum electrode 
5. Inflight particles 


12 6 Melted charge 
i 7 Thermal! plasma arc 
17 P 
P 8 Viewing port 
Le 11 9. Exhay st outlet 


10. Top graphite electrode 
11. Water inlet 
12 Electrode with gas flow and 
water cooling facilities 
13. Gas inlet 
14. Screw feeder 
& 15. Water outlet 
4 16 Insulated strip 
3 17 Rack and pinion system 
4 
1 


1 00 exates 9 A PNA PN 


“ 
ଏ 


18. Supporting structure 


po 


Fig. 1 : Schematic diagram of extended arc thermal plasma reactor. 


3.1 Experimental Procedure 


Initially red mud, coke and dolomite / limestone/ flourspar (flux) powder of required composition 
were thoroughly mixed and charged inside the graphite crucible. Argon gas was used as 


100 
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plasmagen gas and was passed through the top electrode at a rate of one litre per minute. The arc 
was struck and the current of 250 amperes was maintained with an arc voltage of about 60 volts. 
The plasma arc was continued for 20 to 30 minutes to complete the chemical reaction. The 
temperature of the molten bath was measured by using Minolta optical pyrometer. At the end of 
the smelting, the tap hole was opened and the molten pig iron and slag were allowed to cast 
graphite mould. The flow chart of the process is furnished in Fig.2. 


FLOW CHART 


Beneficiation 
study 


Red mud + reductant + 
flux 


Thermal plasma 
treatment 


Value added 
products 


Value added 
products 


Fig.2: Flow chart of the process know- how 
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4.0 RESULTS AND DISCUSSIONS 


The red mud along with graphite and flux (Limestone/ flourspar) were smelted in 35KW extended 
arc plasma reactor. The main aim and objectives of the work was to find out higher recovery of 
iron. To achieve this, the process parameters like basicity and reduction time were studied 


4-1 Effect of basicity on the recovery of pig iron: 


Basicty plays an important role in the production of Pig Iron from Red Mud. The basicity ranging 
from 0.25 to 0.50 has been studied. It is observed that the maximum recovery of 68% was 
achieved with the basicity of 0.35. With further increase of the basicity, the metal recovery 
decreases (Table-4). This may be due to the fact that presence of alumina makes the slag more 


viscous. 
Table 4: The effect of basicity on the metal recovery at reductant - 20% & time - 30 min 


Basicity Metal Wt % of Metal [ E.C of Metal 
Kwhr/kg 


recovered 


4.2 Effect of amount of reductant on metal recovery at basicity 0.25 and time 3omin. 


The effect of reductant on the recovery of Pig Iron was studied in the range of 10 to 30% of the 
charge mix, keeping basicity at 0.25 and time 30 min. In this case coke is acting as the reductant. 
The results are shown in Table-s. From the results obtained, it is observed that the recovery of 
metal is increasing with increasing the amount of reductant from 10 to 20% and thereafter, a 
decrease in trend is observed. The reasons are not clear and needs further in-depth investigation. 


Table 5: Effect of reductant: Basicity -o.25, time - 30 min., 
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4.2.1 Effect of amount of reductant on metal recovery at basicity 0.35 and time jomin. 


The effect of reductant on the recovery of Pig Iron was also studied in the range of 12 to 20% of 
the charge mix, keeping basicity at 0.35 and time 30 min. In this case coke is also acting as the 
reductant. The results are shown in Table-6. From the results obtained, it is observed that the 
recovery of metal is increasing with increasing the amount of reductant from i2 to 20%. 


Table 6 : Effect of Reductant: basicity -0.35 & time constant -30 min 


Reductant Metal Wt E.C of Metal 
(%) 
(gm) Recovered) Kwhr/kg 
% 


4-3 Effect of reduction time on metal recovery 


The recovery of Pig Iron production depends on the reduction time. The time range from 25 to 35 
minutes have been studied. The results are shown in the Table-7. It is observed that there is 
increase in the recovery of Pig Iron up to 30 min and thereafter it decreases. This may be due to 
evaporation of metal values during prolonged smelting operation period. This may be due to the 
reverse reaction of iron to form complex failite slag. Further investigation in this line is being 
carried out, 


Table 7: Effect of time at basicity - 0.35 & reductant constant - 20% 
' Metal E.C of Metal 


Recovered 
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4.4 Mineralogical Characterisation: XRD analysis of Metal and Slag 


The XRD pattern of metal is shown in Fig 3. It mainly contained metallic Fe. The chemical 
analysis showed that it contained 96% Fe. The impurities present were C, Si, O, and P. Carbon 
peaks may be due to the unreacted coke. The XRD pattern of the slag was shown in Fig 4. It 
showed the peaks of Na,O, Fe, FeO, Al;O,, SiO,. CaO, MgO and TiO,. The peaks of the TiO, 
exclusively in the slag phase indicated its refractoriness towards reduction by Carbon. 


Intensity(a.u) 


0 5 10 15 20 
2 Theeta(degrees) 


Fig : 3 XRD analysis of metal (pig iron) 


Intensity(a.u) 


2 Theta(degrees) 


Fig : 4 XRD analysis of slag 
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4.5 Establishing Feasibility for utilisation of slag in cement making 


The slag sample obtained after iron recovery has been used as a blending material with OPC 
Cement to evaluate its cementation behaviour. 


The iron extracted red mud slag is used at 30% with 67% OPC-53 Grade cement and 3% Gypsum 
by weight in 3kg scale for preparation of blended cement by grinding in ball mill for evaluation of 
hydration behaviour and development of crushing strength (Table-8). 


The strength of the red mud-slag blended cement has been determined in 1:3 cement: sand ratio 
by making (76x76x76) mm size cubes (as per BIS specifications). The cubes are water cured and 
strength has been determined at an interval of 1,3,7,14,21, 28 days of water curing. The strength of 
the iron extracted red mud slag cement cube has been compared with the cubes made using 
Portland Slag Cement (PSC) as shown in Table 9. 


Table 8: Cement Preparation (3kg scale): 


The cubes (76x76x76) mm has been prepared at water-cement ratio of 0.4 using cube vibrator by 
maintaining 2 minutes of vibration time. The cubes after 24 hrs of casting are de-moulded and 
immersed in water for curing. The compressive strength after 24 hrs of casting and after water 
curing of 3, 7, 14, 21, 28 days has been examined. Similarly, the controlled cement (PSC) has been 
used to prepare cubes in similar manner for comparison of comprehensive strength. 


Table 9: Comparision of properties of Portland Slag Cement (PSC) with the cement 
blended with 30% Red mud slag 


No of days Compressive strength of MPA 


Cement blended with 30% | Portland ° Slag Cement ~ 
Red mud slag 


Ar fr re ଚା ଡର 
¡ 26 38 
ee 
` 22 : 48 
Sui 4 ଳର = ଭି "ତଲାକ = ର ନ ନି 3 ର ସରି ର ଓ 
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From the above experimental results it is observed that the red mud slag has come binding 
property which shows early strength comparable with PSC, but in later days i.e. after 21 days the 
hydration strength decreases and do not conform to the requirement of standard cement. This 
shows that there is a need of improvement in slag chemistry to improve the better hydration 
behaviour in cement making. 


5. CONCLUSIONS 
The following conclusions can be drawn based on the above research findings: 


e Production of pig iron from red mud is possible by application of thermal plasma 
technique in laboratory scale. However its techno-economy feasibility needs further scale 
up of operations. 

e [It is also possible to produce portland slag cement (PLC) from the slag generated in the 
process during the convertion of red mud by applicaion of such novel thermal plasma 
technique too, thereby making it a zero waste process. 
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Abstract 


Red mud is produced in huge quantities during the processing of bauxite for the production of 
alumina. So far, few economically attractive processes have been developed for bulk utilization of 
red mud. Researchers arc trying to develop interesting processes and products from this waste 
material; success achieved so far is restricted to laboratory, pilot scale, isolated or minor volume 
utilization applications and processes. Red mud of Indian origin contains around 45 - 55 % Fc;O,. 
11 % TiO,, 20 % Al;O;, 9 % SiO; and other associated oxidcs in minor quantities. Iron being the 
major component, bulk utilization of red mud will be difficult without an cconomically and 
technically viable process being developed tor the production of iron from red mud. Indian iron ore 
containing 45 % Fe,O; is considered as the cut-off grade for the economic production of iron. 
Accordingly, red mud of Indian origin can be considered as a low grade iron ore. The present study 
examines the processing of Indian red mud by Low Temperature Hydrogen Plasma for the 
production of iron in eco-friendly manner at laboratory scale. The iron produced contains 95 % Fe 
with low carbon and sulphur. Water, which can be recycled, is produced as a by-product of the 
process. 


Key words: Red mud; hydrogen reduction; microwave hydrogen plasma reactor; iron from red 
mud. 


1 Introduction 


Red mud is a byproduct generated during the processing of bauxite with caustic soda utilizing the 
Bayer process. It is considered as a hazardous material and till today few cconomically interesting 
applications or processes have been developed for its bulk utilization. Researchers have tried to 
produce pig iron from red mud by the application of plasma smelting technology [1]. production of 
pig iron and portland slag cement from red mud by application of novel thermal plasma technique 
[2], production of ordinary Portland cement (OPC) from red mud [3], and processing of red mud for 
the production of wood substitute materials [4]. All efforts in this direction have so far been 
restricted either to laboratory or pilot scale processes. Iron oxide is a major constituent of red mud 
and for this reason it can very well be considered as a low grade iron ore. Red mud of Indian origin 
contains around 45 —- 55 % Fe;O;, 11 % TiO›, 20 % Al:O;s, 9 % SiO, and other associated oxides in 
minor quantities. The quantum of generation of red mud by the alumina industries all over the 
globe warrants its gainful utilization in bulk quantitics. An important option available presenting 
to researchers is extraction of iron from red mud in a most eco-friendly manner. 


The reduction of Fc,O; present in red mud to metallic iron can be achieved either by carbothermic 
or hydrogen reduction processes. The carbothermic reduction process involves a blast furnace route 
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for production. However, this proccess is not free from pollution and emits large quantities of 
carbonaceous gases which add to global warming. It has been estimated that for production of one 
tone of iron, around three tones of green house gases are generated. Under the circumstances, 
industry have few other altematives but to follow an eco-friendly (and lower energy cost) path way 
for production of iron through a hydrogen reduction process. Researchers elsewhere have tried to 
produce metallic iron from iron orc employing the hydrogen reduction process by using hydrogen 
gas as reductant in a high temperature furnace [5]. This process has limitations, such as it being a 
time consuming process associated with low yield and moreover, consumption of hydrogen gas 
was also increased. 


The answer to this challenge lics with the state-of-the-art technology for production of metallic 
iron from iron ores by application of the low temperature Microwave Hydrogen Plasma Reduction 
route. Through this route. iron was extracted successfully from iron ores as Direct Reduced Iron 


[6]. 


Once researchers successfully accomplished such an eco-friendly reduction process, the process 
know- how was then suitably replicated for production of iron from red mud through application of 
a Low Temperature Microwave Hydrogen Plasma Reduction Process using hydrogen gas as a 
reductant. The product so obtained contains 95% Fe with low carbon and sulphur. The process is 
eco-friendly and free from carbon. Moreover. ‘water’ is generated in the process as a by-product 
which can be recycled when commercially used. 


2 Raw Materials 


The red mud of Indian origin was used as principal raw material for the study. The mineralogical 
composition and chemical analysis of red mud are furnished in Figure 1 and Table 1 respectively. 
The other raw materials used for the study were hydrogen gas of 99.9% purity and argon gas. 
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Figure1. Mineralogical composition of red mud of Indian origin. 
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Table 1. Typical chemical analysis of Indian red mud. 


nal Cad i eed 


Cindi red mud [53.6 [189 [220 [4H [#29 [027 [054 [ 930 


3 Experimental 


A red mud sample was subjected to crushing and grinding to bring the size to -100 mesh which 
was then pelletized to 40 mm diameter and 3 mm height using an electrically operated automatic 
briquetting press by addition of 1 — 2 % of water with respect to the amount of sample taken for the 
study. This was then dried in the oven at 100 °C for 2 hours. The dried pellet was then subjected to 
Hydrogen Plasma Reduction in Microwave Hydrogen Plasma Reactor. The experimental 
parameters like flow of hydrogen. reduction temperature. reduction time, pressure, and the power 
input were studied for the reduction of the iron content in red mud to produce direct reduced iron 
(DRI). The raw materials and the products were analyzed for their chemical compositions and 
mincralogical characters. The reduction studies were carried out as per the process flow sheet given 
in Figure 2. 


3.1 Microwave Hydrogen Plasma Reduction Process 


The reduction of the raw red mud pellet to produce DRI was carried out in a specially built 
Microwave Hydrogen Plasma Reactor of 6 kW powcr. The plasma is generated by microwave 
assisted thermal plasma process. The schematic diagram of Microwave Hydrogen Plasma Reactor 
with in-situ photograph of the reactor chamber is shown in Figure 3. The system has provision to 
inject hydrogen gas from the top into the chamber through a safety valve and the tlow of the gas 
can be controlled by a mass flow controller. 


The temperature of the molybdenum sample holder is measured by mcans of an infrared (IR) 
pyrometer. The microwave power can be varied to generate the plasma over a range of 
temperatures. The high frequency waves interact with the hydrogen gas to produce the hydrogen 
plasma. The plasma produced in this manner covers a region up to about 6 to 8 cm above the 
sample. The hydrogen molecules enter the plasma zone and become part of it. The hydrogen 
molecules under the influence of plasma dissociate in to atomic and ionic forms which reduces the 
iron oxide present on the surface of red mud pellet into metallic iron. These ionic charged particles 
of hydrogen return immediately to hydrogen molecules when they exit from the plasma zone. 


In all the experiments, samples were kept on a molybdenum sample holdcr, and the sample holder 
was in tum placed at the centre of the reactor chamber. Since the rector chamber is water coolcd, 
the outer surface of the chamber remains at room temperature during the experiments. The extent 
of reduction with the variation in process parameters, such as microwave power, hydrogen flow 
rate, pressure, temperature and time, was recorded by noting the loss in weight of the pellet. After 
cach experiment, the reduced red mud pellet sample was ground and mixed well, and then a 
representative sample was taken for analysis. An X Pert PRO-PAN analytical mode! No. 3040160 
was used for X-Ray Diffraction (XRD) studies of the phases in the reduced red mud pellet. The 
quantitative estimation of the phases was done by using the wet chemical analysis procedure for the 
total iron. metallic iron, ferrous iron, silica and alumina. Table 2 describes the chemical analysis of 
the reduced red mud pellet. The schematic diagram of the process Anow how employed is given in 
Figure 2. 
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Figure 2. Process flow sheet for the production of green direct reduced iron (DRI) from red mud 


Table 2. Chemical analysis of reduced red mud pellet. 


Input material Fe(T) | Fe(M) FeO SiO, 
(%) (%) (%) (%) 
Reduced red mud pellet | 87.89 | 77.95 
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Schematic: Microwave Hydrogen Plasma Reactor 
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Figure 3. Schematic diagram of microwave hydrogen plasma reactor 


4 Results and discussions 


There is no doubt that hydrogen can be used as a reducing gas in direct reduction processes. A 
careful analysis of the literature shows that iron oxides can be reduced by hydrogen gas and in this 
contest, a series of relevant reactions are as follows: 


3Fe,O0; + 3 H; = 2 FeO, + 3 HO (1) 
w/(4w-3)Fe;O,+ Hs =3/(4w-3)Fe,O +H;0 (2) 
FeO + H, = w Fe + H;O0 (3) 

Fe;O,; +4 Hs = 3Fe + 4 H;O (4) 

2H; + O; = 2H;0 (5) 

2Fe + O, = 2FeO (6) 

4H + O> = 2H50 (7) 

4H* + 20” = 2H.0 (8) 


It has been shown that molecular hydrogen is a good reductant for iron oxides. which follows the 
reactions (1) - (3). In these reactions, w is the atomic ratio of iron fo oxygen in wiistile and is 
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known te vary from 0.95 along the wiistite-iron boundary to 0.85 along the wiistite-magnetite 
boundery. Below 833 K wiistite is unstable and hence magnetite is reduced directly to metallic iron 
as per reaction (4). It is also known that reactions (2) and (3) are endothermic at any temperature, 
where as reaction (1) is weakly endothermic in the temperature range 827- 913 K and exothermic 


at other temperatures. 


Figurc 4 presents the Ellingham-Richardson Diagram showing the reducing potential of hydrogen 
{S) in comparison to other reactions, its transformation of FeO to Fe as shown in reaction (6). AS 
seen from Figure 4, molecular hydrogen reduces FeO: and Fe;O;s quite easily, though AG* values 
for reactions (5) & (6) are much closer. However, it is also seen from the Figure 3 that AG° values 
for reactions (7) & (8), involving atomic and ionic hydrogen species respectively, are very high and 
negative in comparison to reaction (5). which involves molecular hydrogen. The two species 
H and H” are provided by the plasma. In other words, in the plasma state, both H and H’ 
can cocxist. In the hydrogen plasma smelting reduction process. these hydrogen plasma states do 
also exist for production of iron [7 - 9]. Keeping these in view, efforts were directed at the 
production of iron from the red mud of Indian origin using the Microwave Hydrogen Plasma 
Reactor. using various cxperimental parameters. The results were shown in Table 2. 


Temperature / °C 


Figure 4. Ellingham-Richardson- Diagram. 
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4.1 Effect of time 


The hydrogen gas starts reacting with the iron oxide present in the red mud pellet from the surface 
and gradually penetrates the body of the pellet for which reduction time plays an important role. 
The experiments were carried out at various reduction time intervals keeping other parameters 
constant as shown in Table 3. From this table, it is observed that the percentage reduction of iron 
oxide to iron present in red mud pellet increases with increasing time. At 120 minutes, reduction is 
98.23 %, and that at a low temperature of 300 °C. The XRD results in Figure 5 indicate that over 
time, the iron peaks become prominent, and its presence is established. 


Table 3. Reduction of compacted red mud pellet by Microwave Hydrogen Plasma at various 
time intervals (temperature: 300 °C, microwave power: 750 W, pressure: 5.33 kPa, hydrogen 
flow rate: 3.33 mL/s). 


a Initial weight (g) {| Final weight (g) Reduction (%) 


(¢) 120 min i fe | 
j Fe re Fe | 
H | Fe | 
$! tas ada dae rf eden ~~ OE {PE A 
Mi F 
e 
ନ ' ry Fe | Fr Fe 
{ । { ହମ wy r 
a ଏ ର ee ed arr ନ of oe | 
Fe ij 
ts 
vଂ ¦ 
Si "i | i HT wn r | re | 
ete! et X ei hes ib lerer Ld CE 
fi a 
st ¥ Mwy Few y Fe! 
Alea Ww al I Muh me te 
i M 
me a Wu ` | । a u} ସା ନୁ ଧା | 
LL LAO Ug Md OE 


| 
Position (2 theta) 


Figure 5. XRD Diffraction plots for red mud pellet reduced by Microwave Hydrogen Plasma 
at various time intervals. 
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4.2 Effect of temperature 


As seen in Table 3. even at a low Temperature of 300 °C, a percentage reduction of 98.23 was 
achieved at a time interval of two hours duration. Accordingly, further experiments were carried 
out to see both the effect of temperature and time on percentage reduction of iron oxide present in 
the red mud pcliet. The results obtained from these studies are shown in Table 4 , which indicates 
that the percontage reduction in the pellet increases from 70.56 to 99.3 with increase in temperature 
from 300 to 800 °C. keeping reduction time a constant 60 minutes. From the results of Tables 3 
and 4, it can be concluded that the percentage reduction of iron oxide is faster at a higher 
temperature (800 °C) than at 300 °C. It may be because of the fact that more and more of excited 
hydrogen species are taking part in the reduction process as temperature gradually increases. The 
XRD results indicate the prominence of iron peaks with variation in temperature (Figure 6). 


Table 4. Reduction of compacted red mud pellet by microwave hydrogen plasma at various 
temperatures (time: 60 min, microwave power: 750 W, pressure: 6.66 kPa, hydrogen flow 
rate: 3.33 mL/s). 


Sl.No | Temperature ("C) Initial weight (g) { Final weight (g) | Reduction (%) 


15.023 


15.015 89.7 


Positios (2 theta | 
Figure € 6. XRD Diffraction plots for red mud pellet reduced by Microwave H: Hydrogen 
Plasma at various temperatures. 
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4.3 Reaction mechanism at the surface of the red mud pellet 


In the Microwave Hydrogen Plasma Reactor, the hydrogen gas passes from the top of the reactor 
through the plasma zone and comes in contact with the surface of the red mud pellet. At the surface 
of the pellet, the gas-solid reaction takes place. Figure 7 indicates the path way of the reaction 
mechanism from raw red mud pellet to iron. In the context of gas-solid reaction, in addition to ionic 
and atomic species of hydrogen, the role of vibrationally excited hydrogen molecules has also been 
emphasized in the literature [2]. It has been reported that vibrationally excited hydrogen molecules 
stimulate the chemical process through their surface dissociation and diffusion of hydrogen atoms 
into the crystal structure of iron oxide present in red mud pellet. The experimental data of P. Rajput 
et al [2] provide evidence to the presence of vibrationally excited hydrogen molecules. Therefore, 
similar reaction mechanism may also be happening at the surface of the red mud pellet for the 
production of iron. Accordingly, it can be concluded that vibrationally excited hydrogen molecules 
are probably the species responsible for reduction of iron oxide present. Another alternate 
possibility may be the contribution of the atomic and ionic species of hydrogen plasma as a catalyst 
to drive reduction of iron oxide in the pcllet., However, more studies are required to obtain further 
insight with respect to reaction mechanism at low temperature. 


- 
7 


Before Reduction 
Raw Red Mud Peitet 


~ 
at 
Inner view of 


Microwave Hydrogen Plasma Reactor 


After Reduction 
Green Direct Reduced Iron (DRI) 


Figure 7. Microwave Hydrogen Plasma reduction of raw red mud pellet for production of 
Green Direct Reduced Iron (DRI). 


5 Eco-friendly process 


The conventional proccss of iron making through DRI! route has limitations. It requires a high 
temperature of around 1200 °C to convert iron oxide in to metallic iron. The process presented here 
on the other hand, needs only a temperature of around 300 “C to carry out the reduction and is more 
energy and cost effective. The process is green in character as the central process is carbon free and 
environmental friendly, and generates ‘water’ in the process as a by-product which can be recycled 
when used in the comimercial process. 


ps 
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6. Conclusions 


From the above experimental evidences and observations. it can be concluded that red mud 
containing around 523.6 ° Fe:O: and some appreciable quantities of Al;QO: and other associated 
metal oxides in minor quantities. can very well be reduced to iron by the application of Microwave 
Hydrogen Plasma technology. 


The process has been successfully demonstrated at laboratory scale, but needs to be demonstrated 
at pilot scale before its commerciat feasibility is established. CSIR-IMMT. Bhubancswar. Odisha. 
india 1s in possession of laboratory scate technology for production of iron from red mud of Indian 
origin and the know-how is readily available for commercial exploitation. 
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Abstract 


Alumina is produced from khondalite hosted bauxite of fndian 
origin in the Alumina refinery employing the time tested Bayer's 
Process. In the process. about 401% of unwanted clemenis are 
rejected ay undigested sand and red mud. Duning the whole cycle: 
major. minor, trace and RE elements in these litho-units get 
redistributed, either depleted or enriched. Khondalite, the source 
rock of buuxite. is rich in silica. moderate in alumina and iron 
with minor titanium. Bauxite becomes rich in alumina and iron 
with subordinate Utanium und negligible silica. After alumina 
recovery from bauxite. most of the valuable metals including REE 
get accumulated in the refinery rejects. The studies. while 
establishing the extent of various metals dispersed in khondalite. 
bauxite. undigested sand. red mud and alumina also reveals the 
state of enrichment of valuable metals in undigested sand and 
suggests possible means te recover wome of them. 


Introduction 


Alumina is produced from khondalite hosted bauxite of Indian 
origin in the Alumina refinery employing the time tested Bayer's 
Process. When 2.4 MT of bauxite per annum is processed io a 
refinery it produces approximately 0.8 MT of alumina. During the 
process of alumina production, about GU‘ of unwanted gangue is 
rejected as ‘undigested sand’ and ‘Red Mud’. Out of total quantity 
of 70 Million tonne per year {Mitpy) of red mud in the world, India 
accounts for about 2Mipy. This indus{nial waste matenal poses 
{tremendous environmental and disposal problems. With the 
anticipated expansion of alumina industry in the country. Indian 
alumina plants have to dispose off over SMt of this red mud every 
year. 


Aluminium uxide, from which aluminium metal is extracted. 
constitutes only 38 to @0% of bauxite ore. The rest is made up of 
Fe:;O:. SiOx. TiOs and scores of other metallic oxides. After 
dimolution uf alumina in caustic soda. these impunities remain in 
suspended form which is separated vut after being wished and 
then pumped as slumy to the nearby pond. During Bayer's 
process, all alumina content from the bauxite is not recovered and 
appreciable volume goes into red mud along with other valuable 
metals. Though some studies have been undertaken to recover 
meta values from red mud, they are not considered economicatly 
viable. Moreover. availability of high-grade ores of hematite. 
ilmenite. matile, bauxite. monazite, vanadiferrous iron ore etc. in 
India. restricts attempts to recover any metal value from the red 


mud. Nevertheless, some metal values may be recovered in view 
of their scarcity and significance. 

This paper while enlisting the extent of various metal values 
dispersed in khondalite {host rock of hauxte), bauuite tthe feed to 
the alumina refinery), undigested sand and red mud tthe rejects) 
and aluminium oxide tthe product) discusses the dispersion 
pattern of metal values in all these fitho-units. enrichment of 
valuable metals in undigested sand and suggests possible means to 
recover some of them 


Materials and Methods 


The host khondalite. the feed bauxite, the rejects and the product 
samples were collected from one of the typical refineries of India. 
The recovery of aluminium oxide from bauxite through “Bayer’s 
process” involves different stages. The main stages of Bayer's 
process are digestion of enushed bauxite —» de-\anding -+ de- 
silication > settling — filtration > washing — pumping to red 
mud pond. The red mud samples from different stages were also 
collected for the study. The five samples collected are from 
Digested Mud (DM. De-ssilicated Mud (DSM). Settler Mud (SM). 
Washer Mud (WM) and Mud to Pond (MTP). In order to 
characterize and establish the mineralogical vanauon from bulk 
fced to mud to pond wequennalty, each sample was studied by 
means of XRD (Philips) and SEM tJeul). To ascertain the metal 
concentration tmajor and minor) from host rock to feed baunite 
and the product to rejects. the samples were analvzed by XRF 
(Philips), and ICP-MS techniques tire and REE. 


The trace and rare earth elements (REE) were analysed at NGRI, 
Hyderabad, India using Inductively Coupled Plaxma-Mano 
Spectrometer (ICP-MS. The ICP-MS used was a plasmy quad 
PQ-1 (Fisons Instruments. U.K) controlled by an IBM PC-XT 
microcomputer and associated sofiware. The ron-detection system 
and the data acquisition system consists of a Channeltron Ekeetro 
Multiplier (CEM) and a mult channel analiser (Tracer Northen). 
To analyse the trace and REE the standard acid dissolution 
procedure was adopted for sainple preparation as presenbed by 
Balaram ct al.". The sample solutions were prepared by HF-HNO3 
actd digestion with Indium 00mg/mb a> internat standard. To 
ensure precision of the data a sei of intemational ore standards of 
different chemical compositions wert analysed along with the 
sample 
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Results und Discewdoo 
Mineral dhtribation {# bast rock. feed, rejects and products 
eae a | Majer Phase ୩ Minor Phaw 
} Lathe Sample ! 

im ! 
i TR 5 Cnbbae Kaolinite : 
i { Moxweorie |: 
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! _ Gibborte i ™ 
Heed 1 Gibbeste. Hematite Kaolinite, 
haute Goethite Silhmanitc. 
From ¡ ଅon i 
i Alumna H 
PE refinany ର 
Lihomarge! | Kaolinite. Gibhaite i Goethite. i 
୧୦ fhe I 
{ Hou Parts i Gibbaite Kaolinite. | Goethitc. H 
| Rech. ered i Hitite | Micrachine | 
| Khoendahite ¦ i 
H Khondalite { Gibbsite. Sitbmanitc } Almandine. i 


{ Kaohnite 


Detailed nimcratogs of bauxite from several parts of world has 
alrcady beeo reported“. Khondahite. the host rock of bauxite. is 9 
quanze-tekispathic. gametitermas talmandine! shisUgneinsone 
mock with or without mica Aillimanite tTable-1 2 


Size fraction. Major Phase Minor Phauw 1! 
$n meron : : 
-10014503 : Gibbnite, Hematite Goethe 
-300+200 ¢ Hematite. Goethite __Gibbsitc. Muscovite 


= a mmm on ams i} 


TT To T Hematite ~ Ruiile, Goethe 


- 100445 Hematite. Goethe  Quariz 


45 Hematite. Goethite  Quarv. Gibbste 
Table 1: Mineralogical variation betw een hint tock and feed 
baurrte (as brought out through XRD? 


Table 2A: Mineraligical vaniation between clawsified plank aud 


Gueihite, | Gibhsite, Sadaliie — * 


Rutile. 
Hematite 
Rutik. Goethe. 
Hematite. Gibbs nie ” 
Hematilc, Guoethite. ¡ Sodahitc. Gibbsite. : 
| Rote {| Bohemite 
Hematite. Guethite. | Gothic. Gihbsite. : 
Rutile Sodaliic p 
i Hematite. Gocthite Sodatite Gibbsite. 
I Rutilc. Behemite 
sample fram suming refimery sejects das brought out 
through XRD) 


Bohemite. Sodalite 
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Table 2B: Mineratogical variation between red nud samples 
collected at differen suges from alumina refinery (ax 
brought out through XRD) 


DM - Digevted Mud: DSM - Desiticated Mud: SM - Settler Mud: 
WM- Washer Mud, MTP- Mud to Pond. 


Minor mnineralogival venation between khondalite. partly altered 
khondalite und lithornarge is recorded (Table- 12, Bauzite. the fecd 
to the aluming refinery. may occur in varied colours such as. 
yellowish. pinkish. grayish. brownish and show vesicular to 
massive texture and appears mostly in non-pisolitic form. X-Ray 
diffraction analysis indicated the bauxite to be composed 
predominantly of gibbatc with minor hematite (Table-1) The 
sdditionat minerals found throogh Infrared spectroscopy are 
alluphane. boehmite with subordinate diaspore and gacthite. Other 
minor minerals recognised under reflected light microscope and 
scanning electron microscopes are mutile. ilmeaite and zircon 
along with rarc sillimamte. tnica and koolinite booklets. The 
rejects ure broadly of two types. namely undigested sand and red 
mud. Meguscopically. the undigested sand looks hlack to brick 
red in catour. 


in view of its appearance like mand sized grains, the sample in 
somelimes termed as ‘plant Mand’. X-ray cdittraction analy sas 
brought out the predominance of hematite. goethite and rutile in 
this <and. The presence of minor gibbsite was noticed in ifs 
cosurser fraction (>S{Kimicrun) (Table-2A) and quar in finer 
fraction (< 100 my. When this sample iv subjected te physical 
benceficiation, tabling in particular. the concentrate is found to 
contain additional mincrals like ilmenite and zircon. Red mud is 
brick red in color. very fine and soils the finger. The size analysis 
of red inud indicates that ils average size 1s around 3 microm, the 
de: pawsing Mze i» around ¥ inicron and about 35% by weight of 
solids contain below S-micron particles. However, under SEM 
ixclated grains > 2p (bochmite and rutile / ilmenite? arc recorded. 
The chief constituents of red mud in order of abundance are 
hematite, gibbsite. guethite, sodahte. boehmite and rutile. The red 
mw at different stages (DM, DSM. SM. WM. and MTP; looks 
identical and has more or less Nimilar mineralogical composition 
However. a minor variation in their volume percentage at different 
stages is brought out by XRD tTable-2B). Gibbsite dominates in 
feed bauxite and mud tn pond samples. Presence of ilmenite. 
zircon, sphene in some samples is recorded only under electron 
microwope. 


The refinery product alunynium oude looks perfectly white and 
contains only gibbsite. 


Metal Distribution in feed. rejects and producls 


The geochenystry of weathering sequence in bauxite profile has 
been reported by some workers“ The major, trace and rure earth 
metal disinbutton in host khondalite. bauxite fed te alumina 
refinary, undigested sand, red mud and aluminium oxide tthe 
product are shown in tables (Ho 6). After the alumina is 
recovered by Bayer’s proce»s in the refinery. all other metals 
originally present in the bauxite are partly disposed into 
undigested sund and finally into red mud. 


Major incluls 


The host rock khondalite is enriched in (wo elements such as 
alumina (29.374 } und silica 154.89) with subordinate aren 
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(3.46%). During the procéss of bauxitisstion, the alumina content 
gradually increases from host rock to panty altcred khundutite 
followed by lithomarge. Bauxite derived from host khondalite 
rocks contuins two major metals. namely aftuminium t{av.: 44 
AO) and iron (av.* 20% FeO). Because of high iron content it 
dppeurs red to yellow coloured and termed as ferruginous type. 
When the alumina content i high, the bauxite sometimes appears 
pink or buff in cotour. In the plant sund. the first reject from the 
refinery is found to be very rich in iron (ay.:70% Fe;Ou and 
titanium (av.: 14% TiO2) metals Some amount of alumina (av.: 
8% Al;Os) also get relcaxed in to plant sund. The bulk red mud 
contains mainly four metal oxides like ferric oxide. alaminium 
oxide, titanium dioxide und silicon oxide in varying proportions. 
High Fe content in the red mud tFe;O:: S51 to 58%) is obvious. 
becuuse after alumina i+ digested in to solution the leached residue 
gets enriched in iron (Table-3). The product alumina contains 
99.99% of AhO: and trace of iron. silica and titanium (each 
0.01%). 


Table 3: Major mela variation in feed, rejects and product 


Major Host rock { Feed {Reject materials 
Component. Material 
in — 


Ce Plant | Rcd 

A Mud |} Hydrate 
ON EC NEC ROE NC 
LO CC I ONE NC 


Minor metals 


The minor metals in bauxite of some significance include titanium 
(TOs: 2.2 to 3.00%}, phosphorus (P;O< 0.10 to 0.19%). 
manganese (MnOs: 0.12 to 0.18} and sodium (NasO: 0.15 to 
0.37). Potassium, calcium and magnesium are of rare occurrence 
(max. up to 0.1%). During treatment of bauxite aff these clements 
go into red mud. Minor amount of calcium, phosphorus and 
miingancse is recorded in red mud samples. Although calcium and 
phosphorus contents are negligible in first three stages of disposal 
{DM. DSM & SMJ. the value increases at washer mud (CaO: 
1.56%: P;O,s: 0.32% } and mud to pond (CaO: 2.34%; PxOc: 0.4%) 
sample (Table- 4A & By. 


Table 4A: Major meta! Variation tin wt 4 } in red mud generated 
at different sluges 

[Bulk [15.20 | $270] 210] 4.40 | 

[SM ___ | _ ।583 ] ` 5693 | ` 1430] 3.60 | 


Table 4B: Minor metal yoriatton (im wi 4 Hin red mud generated 
at different stages 

[Code | C20] v0. |  P.0. [Mono 

ICTS OO UOT 0.23 | ଡଃ 

0.17 


Gi Na | 
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DM - Digested Mud: DSM - Desilicated Mud. SM - Settler 
Mud:WM- Washer Mud. MTP- Mud to Pond. 

Higher calcium iv due to addition of lime in the ~eftler as 
fNoccalants and the minor amount of phosphors (P>O.. 0.13% to 
0.40%) may be from undigested spheaue Manganese content 
remains more or less similar (MnO. ay. 0.1%) in the entire set of 


samples. 
Trace metals 


Distribution of trace elements in Indian boutite is recorded by 
Banerjee”. In the present report the trace metal distribution 
pattern in the feed and rejects shows following interesting resulis: 
i. The values of Sc. Ni, Sr and Cr increase sequentiatly from 
bauxite to plant sand and then to red mud (Table 5). 
ii. Same metal values like Ga. Cs and Rb depicte from bauxite 
to plant sand and then increases in red mud. Appreciable Gia 
{35 ppm) goes with aluminium hydrate 
iii. Concentration of many metals like Co. Y. 1if, Ta. Cu. Z5. ¥ 
Zn. Nb. Ba. Pb, Th, and U show a rise from bauxite te plant 
sand and then fall in red mud. 

iv. Significant rise in Zr. {2074 ppm. Cr (914 ppmi. Ba 4765 
ppm) Gu (137 ppm; and Hf (8&4 ppm} values in finer fraction 
{-100p} of plant sand is recorded. Higher Zr value is 
supported by concentration of zircon grains in this traction. 

v. The trace tnctals distributed in red mud samples at different 
disposal points {Table 6) also show some vanayon. While a 
fcw elements like Sc. V and Cr show increasing trend from 
DGM to MTP. many ether elements (Ni, Y. Zr. Nb. Cs, Ba. 
Ta, Pb. Th and UY) show 4 gradual depletion. Howerer. 
elements like Cu. Zn. Co. Ga. Rb, Sr. Bi and Hf do not 
show any trend. 


Table 5: Truce clement variation in feed, rejects and products 


ES Host Feed Plant ; Red Mud { Alumina 
in Khondalite ve Sana | Hydrate 


C& [ ma ୪a ଇସ 0 
RCO CC EE 
SS ES ES 


2.63! 1433} 068i 
12.48 20.45 


SUE 
OS CE: 


IRC OC DCD 
CEE OE NNEC NED 


66.96 328.09; 101.37 


170.54} 749 76! 279 28 


Zn 100. a 
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RN 16193] 71) 
117.63; 295.52 

186! 61 
ND: Not Detected 


40.691 —- 


Table 6: Trace element vanation in red mud penerated ot 
different stages 


Fe DM; DSM; SM WMT MTP 
in ppm PH i PE POE ree 
` ¢ 4k | 42! 30 40x | vu 
iN Iie 4512 44 
CO HF 6S) | 75976 | T0155 | m6 RS 
COS EP CC OE ET 
NN 6 SM 45 #9 
COT 5 CET I MRR? 
Zn SRC CE 1339 | kG SK 
i go! N61 soe | 9] RK 
Rh 3.57, bi! 5395 £ 26 5 9) 
[sr UK! 422K 37 47 47.67 
nN i 16.71 ¦ 4.2K 16] nk 99 | 
fr 4KUSk 28837 2S sx 24 10 | 
Nb 79 74 ! 3 47 5093 
6 ; 0.62 87 ! n 46 
i ts HI | GK 7K 
Hi 1594 ! 259! ଓ୫H3 
Ta 331: 414 339 | 26k | 2535 
iP 9546; R356 | 74.29 
i Bi 10398 19.60! 95.64 
Th 242.37 | 21043 | GrR46S | 143.65 | 90.89 | 
LU © A423! RK 321 


Table 7: Rare earth clement Sariation in feed, rejects and 


ଏ 10.14 SIS 
349) 1499) 


11.92 


8.45] 4.56 ୫୨୫ ୩76 


5c CZ NE C2 ON 
578 ୨ oS 

DOC DC MO NRE: ONE 
DCT OCS OC HES NE 


Rare earth metals 


Synthes on the rare earth metal dispersion in the feed and rejects 
shows following results: 
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i. Mow of the light rare earth and heavy rare earth metal values 
decrease from bauxite to plant sand and then increase in red 
mud (Table 7). However, Ev. Tm ond Yb values gradually 
tall {rom feed te plant sand to red mud. 

it. In the finer fraction of undigested sand a rise in cerium value 
{49K ppm in bulk increases to 638 ppm in <45 jp) is ohserved. 
Similarly. most of the HRE element content {expecting Gd 
and Th) show enhancement in finer fraction than that of the 
bulk sample. 

ni. The light rare carth und heavy rare earth metals in red mud 
texcepting Tm) show gradual fall in their values from DM to 
MTP stage (Table 83. 


Table 8: Rure curih element vanation in red mud generated at 
different stages 


TO CO po 66.87 


28138 
TF ONS FO | 
UC NS OE HONE 
GLE Ns 0.788 (0.53 0.33 
I EL 
cs I CE: 
esos CO CU CE 
EON ESS GEE OL OO ECS 

Lu 0.30: 0.27 0.24 0.24 0.12 

CS DEO 


DM - Digested Mud; DSM - Desilivated Mud; SM - Settler Mud; 
WM- Washer Mud; MTP- Mud to Pond. 


Recovery of valuable metals from Plant Sand 


The authors arc in agreement with Rao et al” that the pland sand 
contains lot of valuable metal. For recovery of valuable meials 
trom the plant sand. diferent Conventional physical heneficiation 
techniques may be employed”. The sample was subjected to 
Tabfing and collected the zircon bearing Table Concentrate-] and 
IHimenite bearing table concentrate-1J and tailings in continuous 
operation on hench scale. The table concentrate-I was re-tabled 10 
collect the zircon rich concentrute-lHs and ilmenite rich 
concentrate Hb. The zircon rich concentrates 1 and Ha were re- 
13bled and the resulting heavies were subjected to wet high 
intensity magnetic separation [WHIMS]. from which the zircon 
concentrate was collected as non mugnetic product [~ 60% 
ZrSiOs} and the ilmenite as mugnetic product. This magnetic 
product is mixed with the IHmenite rich concentrate-Hb and 
subjected to cell flotation. The flotation concentrate was rich in 
ilmenite content (~ 40% TiO2). 


The table concentrate shows appreciable iron (Fe;O1 67%) and 
ritanium {T50,: 20% } along with other metals hike Zr, Ht. Nb, Th, 
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Ta. U and Y. All LRE and HRE elements arc enriched in table 
concentrate product. The magnetic product obtained from 
WHIMS is rich in iron (Fc)Ox: 76%) with appreciable titanivin 
{TiO,: 9%) along with minor enhancentcnt in V. Cr, Rb. Sr while 
the non-magnetic product was enriched in Zr, Hf. Sc. Zn. Y. and 
U. All LRE and HRE elements are enriched in non-magnctic 
fractions. 


The flotation concentrate shows highest titanium value white it’s 
tailing gets enriched in iron (FesO;5: 68%). Elements like Co. Ni. 
Cu, Zn. Rb. St. Y. Zr. Nb. Hf and U values get enriched in the 
cuncentrate while value of Sc. V and Cr increases in its 1ail 
product, AH LRE and most of the HRE clements excepting Gd 
show higher concentration in flotation concentrate. 


Conclusions 


Formation of bauxite is due to residual concentration of certain 
metals like aluminium during chemical weathering of silicate 
minerals™"* from host khondalite. In this bauxitisation process. 
some metals get depleted and somc others get enriched. Due to 
poor mobility“, meraly like titanium, zircon, hafniuin. and 
nivbium are retained in bauxite while a few others like Y. ¥ cic. 
move with iron and get precipitated in Fe- rich hauxite nnd 
laterite. 


During then processing of buuxite in Bayer s process, alumina is 
recovered in the form of sodium afuminate votution while all ether 
minor, trace and rare earth metals get precipitated with iron and 
discharged in to red mud pond and available thercin. Duc to 
intimate association of these metals with iron in the red mud it is 
difficult to recover some of them trough any physical 
beneficiation techniques. However. some undigested materials. 
rich in valuable metals are removed as plant sand in the first stage. 
Following appropriate physical beneficiation process such as 
tabling. wet high magnelic separation and flotation. the titanium- 
nich and zirconiume-erich minerals. containing several valuable 
metals in adsorbed state, from plant sand can be recovered. 
Though trace metals like Ga. Ba, Zn, Sr. Cr. V. Cu etc. are present 
in the alumna. produced from khondalite hosted bauxite, its 
supenor quality is evidenced from absence uny major and miner 
metals therein. 
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Abstract 


Bauxite capping over Eastern Ghats Group (EGG) and Iron Ore Group (10G) in 
Orissa. India show contrasting physical, mineralogical and compositional 
characteristics. Bauxite over EGG appears as extensive platcau blankets at higher 
altitude while IOG bauxite occurs as small tabular low-level platforms. The 1O0G 
bauxite shows thicker vegetation in contrast to the sparse growth in other type. The 
EGG bauxite exhibits spongy texture contrary to pisolitic textures shown by 10G 
bauxite. 


Gibbsite is present in both bauxite. but boehmite and minor diaspore are recorded in 
IOG bauxite. Relict muscovite, sillimanite and kaolinite/illite are noticed in EGG 
bauxite only. Hmenite and rutile are present in EGG setup in contrast to leucoxene 
and anatase in 1IOG bauxite. Compositional finger print of selective phases indicates 
the IOG bauxite to be largely of boehmitic type while EGG bauxite is gibbsitic. EGG 
bauxite is metallurgical grade and IOG bauxite of refractory grade. The bauxite of 
two setups exhibits different chondrite normalised patterns. 


In EGG province, alternate acid and alkali leaching was followed by partial re- 
crystallization while in 1OG province, alkali leaching was followed by multistage 
precipitation. It is established that the bauxite ore bodies in different parts of India 
have formed under different geo-environmental conditions. 


Key words: East coast bauxite, Iron ore Group. khondalite. Iron ore shale. 


Introduction 


Bauxite having heterogeneous parentage occurs as tabular aprons in several parts of 
Orissa. India. Such bauxite forms under different geo-environment by the process of 
lateritisation, which is generally controlled by mineralogical and geochemical 
characteristics of the host rock/s on one hand and by climatic and geomorphologic 
conditions and tectonic framework on the other. Lateritisation involves dissolution and 
mobilisation of most of the elements of the constituent mineral phases followed by 
residual concentration of alumina and oxides/ hydroxides of iron and titania. The 
major and minor rock forming minerals and overall chemical constituents (major, 
minor, trace & REE) vary widely from one rock type to the other and from one place 
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to the other. Hence it is likely that the process of lateritisation from initial stage till the 
transformation and geochemical partitioning of different elements would be different 
in weathering profiles derived from rocks of different geo-environment. 


Our Knowledge on entire gamut of process involved in bauxite formation is still not 
adequate. Bauxite caps are reported over divergent rock types in Orissa and other parts 
of India as well. There is a lack of comparative study of laterite profiles of various 
parentages in respect of mineralogical transformation, elemental mobilisation and 
distribution. In addition, the role of textural and mineral attributes of rocks from 
different environment in facilitating the lateritisation process is not fully understood. 


Many researchers have characterised bauxite through different instrumental 
techniques. Development of bauxite from different rock through the process of 
chemical leaching is reported by several workers but the geo-environment in which 
these are formed is sparsely recorded. Bauxite from two distinctly different parentages 
widely separated in time and space have been studied. Two bauxite ore bodies: one 
from south Orissa (Kashipur and Laxmipur) capping over hypo-grade metamorphite 
rock (Khondalite) of lower-middle Proterozoic age. named as EGG province and 
Jaldihi and Kusumdih from north Orissa lying over shale (epimetamorphic 
sedimentary rock) of Banded Iron Formation of upper Proterozoic age referred to 
herein as IOG province are selected for detail comparison. (Fig. 1). 


Geological framework 


Rocks of the Eastern Ghats hill ranges (hitherto termed as EGG Province), where the 
bauxite occurrences are located are considered as a portion of the Precambrian crust in 
India (Ray, 1967). Recently all embracing consensus on geologic. geotectonic and 
geochronologic aspects of the Eastern Ghats province reinterpreted it as the Eastern 
Ghats Mobile Belt (EGMB) of mesoproterozoic age (Sarkar et al., 1998). Commercial 
grade bauxite is confined to the Eastern Khondalite zone (Ramakrishna et al., 1998) of 
variable thickness and lithology occurring in the easternmost longitudinal litho-zone 
covering areas of Koraput. and Rayagada districts of southern Orissa. The rocks 
comprise an interlayered sequence of the khondalites and the charnockite gneisses of 
granulite facies. The metamorphites are migmatised/granitised on gala scale. 


Bauxite over Iron Ore Group of Rocks (hitherto termed as 1OG Province) is reported 
from north Orissa. Jones (1934) referred the belt as a "horse-shoe shaped 
synclinorium”" from its geometric configuration and put them under Jron Ore Series. 
Other workers later designated the rock assemblages as Noamundi Group, Barsuan 
Group. Roida Group and so on. 
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Fig. 1: Map showing location of the two study areas 


(Top: Jaldih and Kusumdih in 10G set up; Bottom: Kashipur and Laxmipur in EGG set up) 


Bauxite Profile 


Bauxite associated with EGG rocks are large tabular and extensive bodies (Fig.2.1) 
while over IOG rocks it appears as small tabular bodies of limited dimension (Fig. 
2.5). Bauxite capping over EGG rocks are located at higher altitude as compared to 
1OG bauxite bodies. 


1OG bauxite cappings have thicker vegetation comprising dense forests while those of 
EGG cappings are nearly barren of vegetation at plateau tops and have sparse 
vegetation confined to slopes and valleys. Though the parent rock types of EGG and 
I1OG bauxite deposits are of Precambrian age, the former is older than the later as 
evidenced from geologic, tectonic and stratigraphic attributes. The general lithotypes 
in both the provinces are given in Table 1. 


The basement rocks of bauxite in the EGG province are khondalite. Thick laterite 
cappings are observed on flat and gently rolling surfaces at the hill-tops. Generally 20 
to 30) m (up to 50m in exceptional cases) thick bauxite blanket occurs below the 
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Fig.2: Bauxite profile in EGG (left) and IOG (right) province and typical 
morphotypes 
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laterite capping at an altitude of 1000-1500m above mean sea level. From physical 
appearance, the laterite can be classified into siliceous and ferruginous types. The 
bauxite below laterite can be grouped into upper zone and lower zone. The bauxite in 
the upper zone is ferruginous (Fig.2.2). very hard and may be classified into red 
banded and grayish black type. Bauxite in the lower zone occurs in four different 
colours, viz. as light pink (Fig. 2.3), yellow, brown and micaceous (Fig. 2.4). Below 
the laterite-bauxite zone gradationally underlie the weathered parent rock mostly 
composed of altered khondalite and lithomarge. Lithomarge and altered khondalite 
show variable thickness (together termed as saprolite zone). 


Bauxite in IOG province occurs as a small plateau over iron ore shale flanking the high 
altitude ridges of iron ore. The major litho-units in an IOG set up from bottom to top 
are: tuffaceous shales: thin lithomarge zone, massive to non pisolitic red/yellow 
bauxite (Fig.2.7) in the lower zone and massive buff coloured, pisolitic (Fig.2.6). semi- 
pisolitic and / non-pisolitic bauxite in the upper zone succeeded by laterite. 


Table 1: Generalized profile of EGG and IOG bauxite ore body 


EGG Protile IOG Profile 


Laterite (Siliceous & Ferruginous) Laterite (Siliceous) 


Upper bauxite (ferruginous) Upper bauxite 


[Red and black) {buff massive, pisolitic, semi- and pisolitic ) 


Lower bauxite Lower bauxite (ferruginous) 


(Pink, yellow, brown and micaceous) | (Yellow and red) 


Altered khondalite Lithomarge/altered shale 


Khondalite Tuffaceous Shale 


Textural Peculiarities 


Bauxite-laterite in both the set-ups show some similar and dissimilar 
texture/microstructure. The EGG bauxite morphologically appears massive, spongy 
and banded, while distinct pisolitic/semi pisolitic textures are observed in 10G 
bauxite. It constitutes pisoloids in different shape and size which often get released 
from bauxite and found floating at hill slope (Fig. 2.8). Cross section of pisoloids 
show fine concentric lines over silicate nucleus. Similar microstructures are 
collomorphous, spongy. platy-foliated. island, loose trame-work, tight frame work. 
reticulate, platy. and porphyroblastic. Dissimilar textures recorded in both the set up 
are relict, skeletal, stalactitic, oolitic. These findings on textural/microstructural 
peculiarities support distinct difference in the causative bauxitisation process operative 
in the geo-environment of the two set ups. 
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Mineralogical Manifestation 


Both the set-ups show contrasting mineralogy through out their profile. Different 
minerals were identified by combined techniques of microscopy and XRD while their 
gibbsite content was determined from TGA. Mineralogical details of Parent rock- 
Saprolite zone and Bauxite-Laterite zone of both the provinces are Shown in Table 2 
and 3 respectively. 


Mineral Chemistry 


In-situ composition of different minerals under EPMA confirms the different mineral 
phases in both the set-ups. Dominance of gibbsite with minor boehmite in EGG 
bauxite is observed while IOG bauxite is essentially of bocehmitic type having minor 
diaspore. FeO and P:Os content adsorbed within alumina trihydrate/ monohydrate 
phases are relatively more in bauxite of 1OG rocks compared to that of EGG rocks. 
CoO and rarely NiO, adsorbed within alumina trihydrate/monohydrate phascs, are 
relatively more in bauxite of EGG set up than that of 1OG sct up. 


Geochemical Characteristics 


Major cheinistry of parent rocks of both the set ups are different. Alumina content in 
parent khondalite is 42% which is relatively lower than that of shale (47%). Reciprocal 
silica and iron content is observed in both the set ups (SiOs in khondalite: ~26%; 
shale: ~36%: FeO: in khondalite ~24%; in shale ~4%). Chemically. the IOG bauxite 
is of refractory grade and EGG of metallurgical grade. In other word the former type 
(10G) is rich in alumina (Al2O3% ~64%) and poor in iron (Fe;Os~ 3%) while the later 
is moderate in Al;Osx (~59%) and have relatively higher iron (Fe;0O3~6%) content. The 
ferruginous bauxite (upper bauxite) in EGG set up contains higher iron content 
(Fe;O0;%: up to 45%) than that of IOG set up (FesOx%: ~12%). EGG bauxite shows 
higher titanium value than 1OG bauxite. Both the bauxite types may have negligible 
minor elements like potassium. calcium, magnesium, munganese and phosphorous. 


Some elements like Co, Ni. Zn, Cs, Ba, Ta and U show higher value in khondalite than 
shale. The bauxite of lower bauxite zone of EGG shows higher value in respect of 
eleven constituents like Co. Ni, Cu, Zn. Rb, Sr. Nb, Cs. Ba, Ta and U than of IOG. 
Ferruginous bauxite in upper zone of EGG bauxite shows higher value in ten elements 
like Co, Ni, Cu, Zn. Sr, Y, Cs, Ba, Ta and U while IOG bauxite show relatively higher 
value in rest of ten elements analysed. Khondalite constitutes higher tevel of Light 
Rare Earth Elements (LREESs), excepting Eu, than shale. In contrast, the shale has 
higher Heavy Rare Earth Elements (HREESs), excepting Gd and Tb, compared to 
khondalite. 


The REE value in general shows a gradual depletion from basement shale to lower 
bauxite and upper bauxite. Conversely, REEs in EGG set up deplete in lower bauxite 
from the parent rock and show enrichment in the upper bauxite (ferruginous type). The 
normalized REE pattern of EGG bauxite is distinctly differem from that of 1OG 
bauxite 
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Table 2: Mineralogical! characteristics of litho types in parent rock-saprolite zone 


|Z । Litho-types % of GibbsiteE Minor mineral 


EGG Province I 
Kaolinite. Gibbsite 


Saprolite 
PLK | Gibbsite, Kaolinite, Mite 


15 Goethite . Illite | 
Parent Khondalite Quartz, Feldspar, Almandine, Kaolinite 
rock Silimanite | 


——୍ 

। ।। । Goethite, Microcline |! 

Hi 

IOG Province | 
| 

i 


Saprolite | Lithomarge Kaolinite, Hematite, 20 Gibbsite, Quartz 
Goethite 


Altered shale Gibbsite 
Kaolinite, Goethite - Hematite 


Table 3: Mineralogical characteristics of different lithotypes from bauxite- laterite 
zone 


। Zone | Litho-types % of Gibbsite Minor mineral | 


EGG Province 


Siliceous Gibbsite, Quartz 27 Goethite, Hematite, 
Laterite Kaolinite 
 Ferruginous | Gibbsite, Goethite. GO | Quartz, Kaolinite i 
Ferruginous i 
Hematite 
U Goethite, Hematite, 
Pper Gibbsite 
Bauxite 


Black | Hematite, Gibbsite 
| Pink | Gibbsite. Goethite Kaolinite. Muscovite, ; 


wer 
Bauxite Gibbsite. Goethite Hematite. Silimanite 
Gibbsie Muscovie— | 5 [line 


IOG Province 
— - 2 - 
Laterite Laterite | Siliceous Kaolinite. Goethite, 25 Quartz, Hematite. 
Gibbsite 4 


Gibbsite, Boehmitec. ୨ । Anatase 

Massive 

Upper Diaspore | 

Bauxite Gibbsite. Boehmite Anatase : 
[Semi piselitic. pisolitic | Semi pisolitic | Gibbsite 62 o 

Lower Gibbsite , Bochimite , 59 Anatase (a) 

Bauxite Hematite 
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while the former shows sloppy pattern the later is of flat type (Fig.3). All litho units 
in EGG and 10G show negative Ce anomaly. Similarly all the units of IOG show 
positive Eu anomaly but in EGG only parent rock and its altered equivalent show 
strong negative Eu anomaly while its bauxite derivatives show weak positive Eu 
anomalies 


Discussion on Environment of Bauxite formations 


Mineralogical observations of bauxites and their corresponding geochemistry are 
supportive of interpreting the bauxite-laterite of EGG and I1OG province of in-situ 
chemical weathering. The field and laboratory evidences supporting an autochthonous 
origin. evidently indicate their development under different geo-environmental 
conditions. The variation in mineralogy is indicative of phase reconstitution affected 
during weathering processes. Rao et al. (1995) have reported heaps of silica sand 
reposed amidst the Panchpatmali bauxite hills that situation in these locales is quite 
evident as large volume of silica is precipitated in these open space areas as 
saccaroidal quartz. after their removal through dissolution and transportation from the 
parent rock. The sudden increase of silica in the upper surface zone is only related to 
present-day weathering and due to some water consuming vegetation. Presence of 
diaspore in 1OG province indicates higher degree of dehydration while ilmenite has 
undergone leucoxenisation during weathering. Occurrence of titanium as co-precipitate 
of alumina in ooloids indicates its authigenic nature. 


The physico-chemical factors that generally favour the process of bauxitisation is well 
established. The steps of bauxitisation in both the geological set ups are as follows: 


EGG set up 


1. The aluminium silicate minerals such as garnet, sillimanite, muscovite feldspar etc. 
present in the parent rock ‘khondalite’ converted in to kaolinite in the second stage 
through alternate acid and alkali leaching. 

2. Gradually. the alumina gets residually concentrated and tormed the lower bauxite 

zone. 

The iron present in the parent rock gets remobilized subsequently and precipitated 

in the weak plane above bauxite zone and become ferruginous. Though this zone is 

not very regularly persisting. it is considered as upper bauxite zone. 

4. The resistant minerals like ilmenite, rutile and zircon do not undergo any sort of 
leaching as observed from their similar optical properties in both khondalite and 
bauxite. 


La 


10G set up 


1. As originally the parent rock ‘shale’ constitutes kaolinite, the second stage of EGG 
set up must be missing here. 

2. As chemical weathering initiates, silica present in kaolinite/allophane gels released 
during dissolution in the form of mono-silicic acid only. 
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Fig. 3: REE Normalised patterns of samples from different litho units from EGG 
(top) and IOG set ups (bottom). Left: NASC normalized; Right: Chondrite 
normalised. 


Beckwith and Revee (1969) noticed the dissolution of quartz to be intense in an 
acidic environment and active in the presence of sesquioxides. 

3. Interestingly, the alumina after its formation gets leached under strong acidic 
environment and dissolved alumina rich fluid gets precipitated in multistage over a 
shale nucleus and thus develops pisolitic texture. 


Conclusions 


Comparative study of bauxite occurrences in two different geological set ups (EGG & 
IOG) from Orissa, India was undertaken. Different parameters such as field 
disposition, profile variation, microstructural-mineralogical and geochemical 
characteristics of parent rock and their bauxite derivatives were thoroughly examined 
and interpreted in terms of their formation under different geo-environments during 
the process of lateritisation. Forgoing discussion establishes the following conclusions: 


{(1)Tabular bodies of bauxite in EGG sector are quite extensive and poor in 
vegetation while in IOG set up these ure of smaller dimensions and thickly 
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vegetated. (ii) In EGG bauxite the basement rock is overlain by thick bauxite 
zone (lower) followed by ferruginous bauxite (upper) which is enveloped by 
thick laterite horizon. Both lower and upper bauxite zones are gradational. The 
parent shale in IOG set up is overlain by moderately thick bauxite grading over 
each other with a thin ferruginous bauxite zone followed by thin laterite capping. 
(iii) EGG bauxite are mostly spongy and occur in various shades of colours such 
as pink. brown. red and black while the JOG bauxites are mostly buff and red 
coloured and show pisolitic to semi pisolitic texture. The bauxite from both the 
set up show many similar texture/microstructure and a few dissimilar texture 
such as relict type in EGG bauxite and oolitic. stalactitic in IOG bauxite. (iv) The 
khondalite in EGG set up shows a complex mineralogy having quartz, feldspar, 
garnet silimanite. muscovite and zircon while shale constitutes kaolinite and 
goethite in different proportion. Khondalite is overlain by a thick saprolite zone 
while this zone is very thin and may be absent in 1IOG set up. Dominating 
mineral in EGG bauxite are gibbsite, bochmite, ilmenite, goethite and hematite 
while gibbsite, boehmite. diaspore, anatase. leucoxene are observed in IOG 
bauxite. (v) Generally the EGG litho-units have higher level of chalcophile and 
siderophile elements but poor in lithophile elements. These have also relatively 
higher concentration of LREE while all HREE values are high in IOG. The 
bauxite of two set ups broadly exhibit different NASC/chondrite normalized 
pattern. (vi It may be surmised that in EGG province large scale leaching 
(alternate acid and alkali), was followed by partial recrystallisation while in 1I0OG 
province strong acid leaching was dominant followed by multistage 
precipitation. Comparison of mode of occurrence and nature of vegetation 
between two bauxitic provinces of Orissa. India along with their physical 
attributes, mineralogical and geochemical characteristics strongly suggest their 
formation under two different geo-environmental conditions. 
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Abstract 


Bauxite of Indian origin typically contains 40 — 50 % AlLO;s, 20 — 28 % Fe;O;, 3 — 10 % TiO,. 4 -10 % 
SiO;, 20 -30% LOI and other associated oxides in minor quantities. Due to the higher percentage of 
Fe;O; in bauxite, generation of Bauxite Residue (or Red Mud), which is costly and problematic to 
manage, is substantially increased for these bauxites in the Bayer process. In view of this, the recovery of 
the iron content in bauxite by Plasma Reduction prior to the Bayer process is an interesting option. In this 
study, laboratory scale simulations have been made to reduce the Fe,;O;s content in bauxite using the 
Plasma Reduction process where metallic iron is recovered. The iron produced by this process contains 
around 85.5% Fe with 85% recovery. The slag rich in alumina and residual iron in the form of FeO can be 
fed to the Bayer process for the production of alumina. 


Key words: Plasma smelting reduction; Arc Plasma smelting reactor; iron from bauxite; Alumina. 
1. Introduction 


The conventional process for alumina production employing the well-established Bayer Process generates 
large quantities of Bauxite Residue (or Red Mud) the storage of which is a concem to the alumina industry 
and the communities in which they operate. So far, outside of some niche applications, no commercial 
technology has been developed for bulk utilisation of Residue. Utilisation of Bauxite Residue (Red Mud) 
has been generally limited to either laboratory or pilot scale simulations. However. significant research 
effort globally is being applied to address this challenge through the application of novel technologies. One 
such unique and state-of—the-art process is the plasma reduction process which envisages the reduction of 
iron oxide present in bauxite prior to being fed to the Bayer Process for the extraction of alumina. {1-5} 


Bauxite of Indian origin typically contains 40 — 50 % AIO. 20 — 28 % Fe,;O,, 3 - 10 % TiOs, 4 -10 % 
SiO,, 20 -30% LOI and other associated oxides in minor quantities. For the production of one tone of 
alumina, 1 to 2 tonnes of residue is generated out of 2 to 3 tonnes of bauxite. It is now a clear research 
challenge to reduce to u minimum the percentage of iron oxides present in bauxite prior to bauxite being 
refined into alumina in the Bayer process. The present work is directed towards this result. and a suitable 
laboratory scale process has been developed. By employing this process. it has been possible to reduce the 
bauxite iron oxide content by 85%, and the metallic iron produced contains around 85% Fe. The alumina 
rich slag produced can be ted to the Bayer process for alumina production. 
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2. Raw Materials 


A Bauxite of Indian origin was the principal raw material for the study. The mineralogical composition 
and chemical analysis of the bauxite arc furnished in Figure 1 and Table 1 respectively. The other raw 
materials used for the study were aluminium metal (Commercial grade). Hydrogen gas (99.9%) and 
Argon gas. Figure 1 shows the mineralogical composition of bauxite indicating AI(OH): and Fe;O: as 
major phases as shown in the XRD peaks. 


¢ AKOH), 
(9) Fe,O, 
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Figure 1. Mincralogical Composition of Bauxite of Indian Origin 
Table 1: Typical Chemical Analysis of Indian Bauxite 
| Input Material Al,Os 
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3. Experimental 


Smelting studies were carried out in a 35 KW dc extended transferred arc plasma reactor. The reactor is 
basically a pot type. with zircon coated graphite crucible as the turnace hearth. which is thermally 
insulated by bubble alumina. Graphite electrodes are arranged in a vertical configuration. The bottom 
electrode (anode) is kept stationary and the top one (cathode), with an axial hole for feeding the plasma 
forming Argon gas. is actuated by a rack and pinion mechanism for arc stabilization. The hearth is 
provided with a graphite spout to tap both metal and slag. A schematic of the reactor is given in Figure 2. 
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The flow of argon gas wus regulated to 1.0 L/minute throughout the experiment. An average arc voltage 
of 50 V and 250 amperes current were maintained during the experiment. The temperature observed in 
the plasma reactor was 1400-1600 °C. Along with the Argon gas, Hydrogen gas was fed at the rate of 5 
L/min acting as the reductant for the iron oxide present in bauxite. 


Dry bauxite (1 mm size) along with aluminium metal was charged to the reactor. The amount of 
reductant was kept at 20%, the basicity was varied from 0.25 to 0.5 and the reduction time was varied 
from 25 to 35 minutes. The plasma power input was maintained at 15 kW throughout the study. It is 
observed from the experimental data that the maximum iron recovery obtained is 85% from 1 kg of dry 
bauxite under the following conditions: reductant: 20 %, basicity: 0.25, smelting time: 25 min, and Plasma 
Power input:15 kW. The aluminium metal used in the study acts as a co-reductant and facilitates the 
reduction process. The reduction process is also facilitated by the presence of carbon present on the 
electrode tips and helps to some extent to produce carbonaceous gases in the process. To nullify the effect 
of these carbonaceous gases, the aluminium metal is used as a co-reductant. It is well known that the 
alumino-thermic process is highly exothermic and more reactive than carbon. Therefore. in the reduction 
process, aluminium predominates over carbon and suppresses the production of carbonaceous gases. 
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Figure 2. Schematic diagram of extended arc thermal plasma reactor. {6} 
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3.1 Experimental procedure 


Initially bauxite. aluminium metal and dolomite / limestone / fluorspar (flux) powder of required 
composition were thoroughly mixed and charged inside the graphite crucible. Argon gas was used as 
plasma gas and was passed through the top electrode at a rate of 1 L/min. The arc was struck and the 
current of 250 amperes was maintained with an arc voltage of about 60 volts. The plasma arc was 
continued for 20 to 30 minutes to complete the chemical reaction. The temperature of the molten bath was 
measured by using a Minolta optical pyrometer. After the molten melt is obtained, the hydrogen gas is fed 
along with the argon at the rate of 5 L/min. At the end of the smelting. the tup hole was opened and the 
molten pig iron and slag were allowed to cast in graphite mould. The flow chart of the process is 
furnished in Figure 3. 


FLOW CHART 


Bauxite+ Aluminium + 
Hydrogen gas 


For Steel Making For a of 
V3 


Figure 3. Process Flow Chart. 


4. Results and Discussion 


About 200 g of Indian Bauxite was taken for Hydrogen Plasma Smelting studies. The bauxite was 
crushed and ground to -100 mesh and mixed with 20 g of metallic aluminium powder. Then granules of 1 
- 6 mm size were prepared by adding 10% water to the powder sample. Granules were dried in an Oven at 
120 °C for 6 hrs. Then the dried granules were reduced by Hydrogen Plasma with a flow rate of 8 L / min 
of Hydrogen gas for a period of 25 min. After the experiment was over, the reduced samples were cooled 
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and collected separately for metal and slag. The samples were then analyzed by XRD and for Chemical 
Composition. The chemical composition of metal and slag are given in Tables 2 and 3 respectively. The 
XRD results for both metal and slag are given in Figures 4 and 5 respectively. 


The smelting reduction process takes place by Hydrogen plasma at a higher temperature of 1600°C in 
Hydrogen Plasma Smelting Reactor. The metallic aluminium powder used in the process acts as an 
initiator. It is observed that the rate of reaction is increased substantially by using metallic aluminium 
powder. lt may be due to the metallic aluminium powder acting as a better reductant in association with 
Hydrogen Plasma and facilitates the reaction kinetics. In the process, iron oxide present in bauxite is 
reduced to metallic iron. At the higher temperature of 1600°C, both metal and slag gets separated. 


Table 2. Chemical Composition of Metal. 


ampe | Fe | ଜକ | ¦ ୮ ୩ । 
Metal (%) 85.5 1.25 


> 
S 
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E 
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Figure 4. XRD Analysis of Metal. 


Table 3. erie ee of Slag. 
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3.1 Experimental procedure 


Initially bauxite, aluminium metal and dolomite / limestone / fluorspar (flux) powder of required 
composition were thoroughly mixed and charged inside the graphite crucible. Argon gas was used as 
plasma gas and was passed through the top electrode at a rate of 1 L/min. The arc was struck and the 
current of 250 amperes was maintained with an arc voltage of about 60 volts. The plasma arc was 
continued for 20 to 30 minutes to complete the chemical reaction. The temperature of the molten bath was 
measured by using a Minolta optical pyrometer. After the molten melt is obtained. the hydrogen gas is fed 
along with the argon at the rate of § L/min. At the end of the smelting. the tap hole was opened and the 
molten pig iron and slag were allowed to cast in graphite mould. The flow chart of the process is 
fumished in Figure 3. 


FLOW CHART 


Bauxite+ Aluminium + 
Hydrogen gas 


For Recovery of 
ABO; 


For Steel Making 


Figure 3. Process Flow Chart. 


4. Results and Discussion 


About 200 g of Indian Bauxite was taken for Hydrogen Plasma Smelting studies. The bauxite was 
crushed and ground to -100 mesh and mixed with 20 g of metallic aluminium powder. Then granules of 1 
- 6 mm size were prepared by adding 10% water to the powder sample. Granules were dried in an Oven at 
120°C for 6 hrs. Then the dried granules were reduced by Hydrogen Plasma with a flow rate of 8 L / min 
of Hydrogen gas for ua period of 25 min. After the experiment was over. the reduced samples were cooled 
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and collected separately for metal and slag. The samples were then analyzed by XRD and for Chemica! 
Composition. The chemical composition of metal and slag are given in Tables 2 and 3 respectively. The 
XRD results for both metal and slag are given in Figures 4 and § respectively. 


The smelting reduction process takes place by Hydrogen plasma at a higher temperature of 1600"C in 
Hydrogen Plasma Smelting Reactor. The metallic aluminium powder used in the process acts as an 
initiator. It is observed that the rate of reaction is increased substantially by using metallic aluminium 
powder. It may be due to the metallic aluminium powder acting as a better reductant in association with 
Hydrogen Plasma and facilitates the reaction kinetics. In the process, iron oxide present in bauxite is 
reduced to metallic iron. At the higher temperature of 1600°C, both metal and slag gets separated. 


Table 2. Chemical Composition of Metal. 


Sample | Fe | A |  § | ୩ | 
Metal (%) 85.5  { 1.5 


intensity(a.u) 


2 Theeta(degrees) 


Figure 4. XRD Analysis of Metal. 


Table 3. Chemical Composition of Slag. 
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Figure 5. XRD Analysis of Slap. 


From the above experimental findings it is observed that the jron produced by this process contains 
around 85.5% Fe with around 85% recovery. 


5. Reaction Mechanism 
There is no doubt that hydrogen can be used as a reducing gas in smelting reduction processes. A careful 


analysis of the literature shows that iron oxides can be reduced by hydrogen gas and in this context. a 
series of relevant reactions taking place in the process are given below [7-8]. 


3Fe;O0; + 3 H; mn 2 FejOy + 3 H5O---remmmemoemonoinieennne omni niin ini iie enon simi (1) 
w/(4w-3) Fe;0O;+ Hy = 3/(4w-3)Fe.O +H3O --—-emcommemm nn eeannesenioia noone umes onnnn mene (2) 
FeuO + Hs = w Fc + H5O --e-econcccocesernasn niece oii n neu nn eme nani nnn nna e noms (3) 
FeO; + 4 H; mn 3Fe + 4 H2O —---cmmeneaanenonoioionaaan nmin nn nears nn nnn ne ens enim nn (4) 
2H, + O: mn 2H5O --ecoceomoininmnn noone nnn meen enemies eee annnin ane neni mien ann (5) 
2Fe + Os = 2FeO—ewennaooosocoroncnoroooeanecooeereeooes inner menos nara n meres (6) 
4H + O, = 2HIO-ennoacaroroconoconrereereeanscceacocoocan coos anomie eran en enon (7) 
4H” + 20” = 2H5Om-mmmiinnenoneanonsonnnnrannenen ene nennnnnn ena nni anna nian nnn - (8) 
6. Conclusion 


From the above experimental findings it can be concluded that it is possible to produce pig iron 
containing 85.5% Fe with 85% recovery from bauxite of Indian origin by employing the Hydrogen 
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Plasma Smelting process. The result obtained in the present investigation seems promising. and may be 
an option to minimize Bauxite Residue generation in Alumina Refineries. 


Further studies are needed to establish higher reduction efficiencies for the iron oxide present in bauxite. 
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Abstract 


Red mud of Indian origin contains around 55% plus of Fc;O; and is considered as a hazardous waste for the alumina industry. 
For production of onc tone of alumina employing the Baycr’s Process, around two tones of red mud is generated from three 1ones 
of Bauxitc. Conventional process of steel making is not devoid of environmenta! pollution. fn the present investigation, efforts 
have been made to produce steel from red mud by adopting reduction roasting. magnetic separation and hydrogen plasnma 
smelting route. Magnetic fraction, containing enriched iron oxide and minima! content of aluminas, is produced following the first 
wo stages which is then subjected to hydrogen plasma smelting process for produciion of steel. This nove! concept follows a 
green path way for production of stecl frec from pollution and is termed as green steel. Further, the onfy by-product that is 
produced in the process, is water, which is eco-friendly and recyclable. 


Introduction 


When bauxite is digested with caustic soda by application of time tested Bayer's Process, red mud, a hazardous waste material, i> 
generated in the order of two tones of red mud per once tonc of alumina produced. The worldwide aluminas production is around 
58 million tones in which India counts for 2.7 million tones. India produces around $.4 million tones of red mud per annum trom 
its various alumina refineries. 


The Indian aluminum sector is characterized by large integrated players like HINDALCO, NALCO and the newly siurted 
Vedanta Alumina Ltd. The other alumina producers include INDAL, BALCO and MALC(). There are onty three main primary 
metal producers in the sector namely BALCO, NALCO and HINDALCO. 


Application of Red Mud for production of different valuc added items like Portland cement [£] {2]. bricks & blocks, tiles. paints 
& pigments, soil amending agents, fiber reinforced polymer composites for building matenials as wood substitutes {3} etc.. have 
been tried out by many researchers throughout the world. However these applications have resulted in partial utilization of red 
mud and bulk utilization of red mud still remains as a chstlcnge before the globat scientific community. Since iron constitutes as 
a major ingredient of red mud amounting to around $3.6%%, the scope of its recovery for production of pig iron is considered as a 
scicntific& technological challenge. Efforts have been made for production of pig iron from NALCO red mud by application of 
plasma smelting technology (4). 


Since the processes so far developed for production of pig iron employing plasma smelting technology was not devoid of 
environmental pollution, the efforts were directed for production of Green Stee! by using Hydrogen Plasina Smelting 
Technology, considcred as a novel and state of the art technique and morc so free from covironimental hazards. The only by- 
product that is produced in the process is water which can be recycled for meeting process requirentents expecially during scale 
up of the operation. The process is novel and unique in character and is 100% eco-friendly. 


Raw Materials 
The principal raw material cimployed for the process was the red mud of Indian ongin having the following specilicaton as 


presented in Table 1. The other raw material used was hydrogen gas with 99.9% purity. 
Table 1. Typical Composition of Indian Red Mud 


Indian Red Mud | $3.6 ; 18.9 2.20 4.88 8.29 0.2} 0.54 9.30 


Na;O 
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Experimental 


Efforts have been made to produce green stecl from red mud by adopting (i) reduction roasting technique followed by wet 
magnetic separation and (ii) smelting of the magnetic fraction nich in iron oxide using hydrogen plasma smelting reactor. The 


process flow diagraun is given in Figure 1. 


Reduction Roasting Followed by Magnetic Separation Technique 


Red mud in the form of cake containing $3.6%% FeO; was crushed, ground to -1<0y size and mixed with -150p coke breeze 
powder containing 65% fixed carbon in the required proportions. The mixture was granulated with 12% water in a disc pelletizer. 
The granules were then mixed with -2mm coke breeze and charged into the Down Draft Pan Sintering unit for reduction roasting 


(Figure 2). 


A 10 x 10 x 310 mm luboratory-scale pan sintering was used in the experiments. About SO0g of charcoal pieces were put on the 
top of the pan sintering unit for ignition. The bed height was maintained at 300-310 mm. The slow down-draft suction was 
initially applied for a minute to promote uniform ignition before the draft was increased to the required level. The sintered 
product was ground to -75} in a ball mill and then subjected to low intensity wet magnetic separation. The wet magnetic 
separation was carried out on a low-inténsity {(2000gauss) magnctic drum separator. The slurry was pumped into the drum at a 
rate of 300-400cc/minute. The drum speed was maintained at 45rpm. Magnetic and nonmagnetic fractions were collected 
separately, and then dried. weighed and analyzed for iron content. The results are summarized in Table 2. 


RED MUD 


Crushing & Grinding 


Sintes Product 


! 


| Hydrogen Plasma Smelting] —e sieg 


GREEN STEEL 


Figure 1. Process Flow Sheet for the Production of Green Steel from Red Mud 
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Figure 2. Schematic Diagram of Down Draft Sintering Unit 
Table 2. Results of low intensity magnetic separation of red mud 
(fced ground to 85% passing 75m. intensity of magnetic field- 2000 gauss) 


0 


Roasted Feed 


Hydrogen Plasma Smelting Process 


In this process, the magnetic fraction of reduced red mud obtained through reduction roasting followed by maynelic separation 
technique was subjected to Hydrogen Plasma Smelting Process. The schematic diagram of the same has been shown in Figure 3. 
The plasma was generated with the help of plasma torch passing Argon gas through the centre of the torch. The melting of ihe 
reduced red mud occurs in the water cooled copper enucible of the reactor duc to the high heat (2000°C) generated by plasma. 
Subsequently hydrogen gas was passed through the nozzle of the torch which acted as the reductant to reduce molten iron oxide» 
present in red mud to metallic iron. 


The Hydrogen Plasma Smelting Reactor consists of two distinct portions, one upper layer and the other lower layer. The lower 
layer consists of water cooled copper crucible which can be raised up and down during charging and discharging of samples. A 
typical experimental campaign was carried out with the pelletized reduced red mud sample (1-6mm size} in 200gm scate. 
Initially. about SO0gm of thc pelletized sample was kept in the water cooled copper erucible and the crucible was rsised to the 
level of upper layer to close the reactor for operation. The arc was checked to ignite plasma into the reaction chamber with the 
help of argon gas passed through the centre of the plasma torch. The power supply was maintained at around (+12 kW two 
facilitate the melting and reduction proccss simultaneously.After passing the argon gas at 10 lpm to the chamber for one minute, 
the reduced red mud sample present in the water cooled copper crucible was inelted. Thereafter. hydrogen gas was pussed 
through the nozzle of the plasma torch at a flow rate of § lpm along with argon gas for reduction of iron oxide present in red nud 
to metallic iron. Subsequently, the remoining feed materials were charged ot the rate of S0gm Sminutes. The image of liydrogen 
Plasma Smelting Reactor that was used tor this innovative process has been shown in Figure 4 


While carrying out the reduction proccess, the plasma torch was positioned at different angles ¢X x Y x Z directions) to ensure 
uniformity in the reduction process. To suppont better ogitation of the molten metal with hydrogen. the electromagnetic stimer 
was attached to the bottom of the water cooled copper ¢rucible. Aflcr the reduction process was observed for a penod of 2Smins. 
the molten melt of metal and slag was brought down to room temperature. The mctal and slag samples were separated by 
physical means and then the mctal sample was analvzed for its chenucal as well as mincralogical charactenzations. 


PSEC 
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Figure 3. Schematic Diagram of Hydrogen Plasma Smclting Reactor Figure 4. Hydrogen Plasma Simelting Reactor 


Results and Discussions 


Red mud coniaining good amount of F¢;O; with some quantities of Al;O, and other associated metal oxides, was subjected to 
beneficiation by reduction roasting followed by magnetic separation. The beneficiated red mud (the magnetic fraction) was then 
subjected to Hydrogen Plasma Smelting for the production of green steel. AIO: which is considered as a demrimental element for 
steel- making is eliminated by the process of reduction roasting and magnetic separations techniques. The magnetic fraction of 
reduced red mud conuining rich in iron with low percentage of A2O; was uscd as the feed matenal for the Hydrogen Plasma 
Smelting Process. 

Conventional process of iron making uses carbon as a reductant, as a result of which carbonaceous gases are emitted causing 
environmental pollution. In the other hand, the present investigation utilizes one of the most novel and slate- of- the- art 
technology for production of green steel using hydrogen gas 2s a reductant. In the process. molecular hydrogen is converted into 
atomic: ionic fonns of hydrogen which are morc reactive and act as belter reductant than carbon. No such carbonaceous gascs are 
emitted in the process and only water vapor is relcased which can be recycled in the process after condensation. 


Hydrogen gas also pussesses unique characteristics of dissociating into atomic ! ionic forms of hydrogen when it is subjected to 
therma! plasma state. The atomic ionic forms of hydrogen arc threc times and fifteen times more reactive than the molecular 
hydrogen respectively. Figure 5 describes the Ellingham-Richardson- Diagram which explains the relationship between free 
energy versus temperature depicting the manner in which molecular hydrogen behaves as the mild reductant for reduction of iron 
oxide in comparison to carbon {$-8] .The free energy of molecular hydrogen is -100 kcal. But when hydrogen gas is atomized/ 
ionized under thermal plasms, the free energy is shifted below -300 and -1500 kcal in all temperature ranges respectively and is 
capable of reducing all mcial oxides present in the system more efficiently. 


Reacuon Mechanism at the Surface of the Molten Melt 


In the molten state, iron oxide is present in the form of cationic and anionic for iron and oxygen respectively [9-11]. The 
atomic‘/ionic hydrogen comes in closed contact with the anionic oxygen thereby producing water vapor which is released from 
the system. This water vapor can be condensed and recycled into the process. The iron having higher specific gravity, settles 
down at the bottom of the melt and therchy forming a layer of the molten iron metal. The molten oxide layers in the anionic form, 
called slag. floats on the surface of the molten melt. This process continucs till all the molten iron oxide melts reduced to metallic 
iron. After the reaction 1s over, the entire mell is cooled in the crucible of the reactor and the metal and slag layers are separated 
manually. The details of the reaction mechanism are adumbrated below at Figure 6. 
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Typical Experimental Findings 


The beneficiated red mud sample (The mwgnetic fraction) was subjected to Hydrogen Plasma Smelting in 200gm svale as dewiled 
under Hydrogen Plasma Smelting Process above. The casted sample in the crucible was collected and the metal sample was taken 
for chemical and mineralogical characterization. Photograph of the casted melal sample. called green stcel. obiained siler the 
experiment is shown in Figure 7. The chemical analysis of the metal sample is shown in Table 3. The XRD analysis of the final 
product is shown in the Figure & which shows the distinct peaks of Fe, The chemical and XRD analysis confirm the production of 
green steel from red mud. 
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| Metal 


Figure 7. The Photograph of green steel Figure 8. XRD analysis of green stce! 
obtained from red mud using Hydrogen 
Plasma Smching Reactor 


Table 3. Chemical Analysis of Metal Product 


Elms | fe | Pp | $ fC 
° [ _ ୪୨୪0 | ୦୨ | 0.007 0.02 


Conclusion 


From the above experimental evidences and observations, it can be concluded that red mud 
containing around 53.6% Fe:O; and some appreciable quantities of Al)O; and other associated 
metal oxides in minor quantities can very well be beneficiated through reduction roasting 
followed by wet magnetic separation to produce a feed material rich in iron and low in AO; 
content. 


The magnetic fraction of the reduced red mud can be used as a feed matcrial for production of 
green stcel employing the novel and state-of-the-art hydrogen plasma smelting technique. The 
process is eco-friendly and free from environmental pollution. Water, the only by-product 
produced in the process, can be condensed and recycled for use in the process. 


The process has been successfully established in the laboratory scale and needs to be scaled 
up to pilot scale of operation before its commercial feasibility is established. CSIR-IMMT, 
Bhubaneswar, Odisha, India is in possession of laboratory scale technology for production of 
green steel from red mud or otherwise production of green steel from lean / high grade iron 
ores and the know-how is readily available for commercial exploitation. 
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Abstract 


A Process for production of novel synthetic crystalline 
porous alumino silicate Zeolite Na-P consisting of the 
oxides of silicon and aluminium represented by the formula 
a Na;O:AIO;y: b SiOs,wherein a = 0.1-1.0 and b =2.2-5.0 
has heen developed from three different raw materials viz. 
Sodium Aluminate Liquor!’ Spent Liquor/Alumina Tni- 
hydrate of NALCO’s Alumina Refinery, Damanjodi, Orissa 
. Zeolite Na-P was produced by preparing a gel by mixing 
Sodium Silicate. Sodium Aluminate Liquor/Spent 
Liquor/Alumina Tri - hydrate, autoclaving the gel at 80-150 
Degree Celsius for a period of 2 hrs to 4 days under static 
or stimed condition, quenching the resultant crystalline 
material in cold water, separating the catalyst formed. 
washing with water. drying the ~olid catalyst at a 
temperature of 0-120 Degree Celsius for a period of 2-12 
hrs to ubtain the product which can be used as a builder 
material for detergent formulation. 


Introduction 


In the past thirty-five years. Zeolites have stimulated a huge 
amount of academic and industrial research and impacted 
several adsorption. ion-exchange and cultalytic processes. 
The commercial miccess of Zeolites was due primarily to 
their unique structure and composition controlled properties 
which permitted the improvement of Anown processes and 
the development of new ones. 


The present work relates to a process for the preparation of 
novel crystalline aluminosilicate composite material using 
alumina source materials obtained from the alumina 
refinery of National Aluminum Company Litd., Onssa, 
India. More particularly, this work relates to the preparation 
of crystalline micro porous aluminosilicate molecular sieve 
of Zcealite-P type structure exhibiting its suitability for 
several adsorption, ion-exchange and detergency procxgsses 
of academic and industnial importance. 


Compared to resins, Zcolites have tound advantageous 
application a~ iun-exchangers in the last thirty years. In 
general. Zeolites are used where economic conmderations 
or where a high thermal and/or radiation flux exclude the 
use of resins. Thus, Zeolites find application as water 
softeners in detergency where the relatively tower cost of 
Zeolites makes it an attractive option in such a ‘“throw- 
away’ application or in the removal und storage of radio- 
nucleides where the considerable resistance of some 


Zeolites to radiation and thermal damage make them an 
obvious choice. 


The term ‘motecular sieve’ was proposed in 1932 by 
J.W.McBain to describe the selective adswrpuon of 
molecules of relatively small size over molecules of larger 
size by Chabazite, a mineral Zeolite which has heen purged 
free of adsorbed water. Zeolites are micro porous. 
crystalline. hydrated aluminosilicate molecular sieves 
Structurally, they possess rigid three dimenuonal 
framework comprising of {SiO,}] and {AIOy} tetrahedral 
linked through oxygen bridges and enclosing cavities and 
channels of molecular dimensions. Each {AIO;s{ tetrahedron 
imparts a negative charge on the framework of Zeolite. The 
framework negative charge is balanced hy cations 
accupying extra-framework positions. A general formula 
for a Zeolite can he represented by its unit cell compomtion 
aN: 


M x/n HAIOs1 x (SiO) y]. ¢ HsO 


Where M represents the exchangeable charge hatancing 
cations usually from group I or Hoof the Peniodic Table, 
with a valency ‘Nn’. x, ¥ and z > 0 According to Lowenstein 
rule. the lower limit for v/a ratio tends to a value 1.0. 
Therefore. the relatonship of alumintuin to the charge 
balancing cations such as lav 3. Ca/2. Na. K ete can be 
expressed as equal (to unity Onc type of cativun may be 
exchanged either completely or partally with another 
cation following ion-cachanging techniques in a 
conventional inanner. By orcans of such cation exclkinge, id 
bas been possible to vary the properies of 3 given 
aluminosilicate by suitable selection of cation. 


The reversible cation exchange i» one of Uwe unpertant 
properties of crystalline alumino-silicate zeolites The 
isomorphous replacement of Si" by Al * is responsible 
{for the creation of 3 cation exchange site which is usually 
occupied by Na+. Zeolite-A, therefore, being the most 
aluminum - containing Zeolite, offers maximum number of 
cation exchange mites. Therefore, untul recently. Zeolite A 
was used in the fomulgtion of laundry- detergents of the 
non-phesphatic (free fmm STPP) ype Zeoohtw ertra- 
frimework sodium cattons. by replacing the cations like 
Mg. Ca etc. that impart hardness to water. thus renders 
soft water, easing out the waxhing action by the removal of 
dud particles cte. 
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The Hydrothermal Synthesis 


Much ot the success in the laboratory syntheses has come 
from the duphecation of the conditions that produce natura? 
reolites. Zeohtes are ftormed under hydrothermat} 
conditions. The term hydrothermal is used in a broad sense 
wd includes the crystallizanon of zeolites from aqueeus 
system comprising of necessary ingredients. The essential 
process involved in the hydrothermal synthesis of most of 
the zeolites, is the conversion of amorphous reactive 
supersaturated aluminosthcate gels into crystalline ones. in 
the preseace of agucous solution of alkalt and/or alkaline 
carth metal hydroxide at higher temperature (298- 
573K 0. The actual mechanism of zeohte crystallization is 
not well underniooad hecause of the complexity of the 
interactions occuring in the hydrothermal magma. The 
gross composinon of reacton mixture contributes to a 
sperific aspect of crystallization. However. there is a 
sub<tantial intcerp!ay between the three variables viz.gross- 
composition, teinperature and time during the coume of 
crystallization. 


in recent years, 2 nuinber of patcots have estublished the 
fact that Zeohte-P instead of Zeolite-A, is preferred in the 
formulauon of faundry- detergents. perhaps on account of 
egse and higher rte of cation exchange including higher 
Magnesium ion-exchange capacity compared to zeolite of 
type-A. These zeolites will usvally have calcium exchange 
capacity ef at least 15Umg CaO per gram of anhydrous 
aluminmilicate. Zeolite-P belongs to o family of small pore 
Zeolites possessing Jow 16 intenmediate Si/At ratio (1.1 to 
A 


The erystalline. porous aluminesilivcate of type-P zeolite 
structure. prepared by the process developed are constituted 
of oxides ot silicon and aluminum having well ordered 
porous structure consisting of channels of precisely defined 
and uniform dimensions. The zeolite type Na-P prepared by 
the process developed has a chemical composition , in 
tems of vxude molec ratios un dry basis as follows: 

GH 01-10 NasO: ALO: 2.2-5 0 SiO; 


Accordingly, the process developed for the preparation of 
novel synthetic crystalline zcolite of type Na-P consisting 
uf the vides of sificon and aluminium by the hydrothermal 
crystallization process having in the mole ratios of oxides 
in the anhydrous state represented by the formula: 


no NasO ¢ AlbO:* bSiOs 


wherein a =t.1 - 1,0 and b=2.2 - §.0 and churacterized by 
X-Ray Ponder Diffraction Data which comprises preparing 
a gel by nuxing a source of silicon, aluminium and sodium, 
autoclaving the resultant gel at a temperature in the runge 
of 80-150" C tor a period ranging between 2hrs to 4 days 
under static and/or stimed condition. quenching the 
resultant erystalline material in cold water. separating the 
catalyst formed hy conventional methods. washing with 
deionised water thoroughly up to wash water pH is in the 
range of 9.U to 11.0. drying the solid calulyst at a 
temperature in the range of 80-120"C for a period ranging 
from 2-12 firs. to obtain the product. 


Table -1{ Representative Physical Properties Data for 
Zeolite-P 


Chemical Composition: 
Typical Oxide Formula 
SH20 

Typical Unit Cetl Content 
H20 

Variations 


Na;O. ALO: 2-5 SiO; 


Nn6 [(AIOs3, (SiOD in} 15 
Si/Al = 1.1 t0 2.5 


Crystallographic Data 


Summitry : Near Cubic 
Space Group : 14/amd 
Density : 2.01pfcc 
int Cell Volume : 1015A® 
Unit Cell Conant : a= 10.05 A" 
Structural Properties 
Framework : Same as gismondine 
SBU: S4R Void Volume 
O.41cciec 
Framework Density 
1.57 g/cc 
Analysis of NALCO Origin Raw Materials 
\ 


The NALCO origin raw materials viz. Alumina Tri- 
hydrate, Sodium Atuminate Liquor and Spent Liquors were 
analyzed and the chemical analyses are presented in Toble- 
2 below. 


Tuoble-2 .Chemical Analysis of NALCO Origin Raw 


Materials 
wi. = 


AEO: NausO 
Material il 


Alumina 
Tribydrate 
Powder 
Sodiuin 
Aluminute 
Liquor 


Sample-} ହା 4 
Sample-H i 83 In 0.077 
Sample- ଳା FR 0.089 
Samplie-$V 

{1.089 


Speat Liquor 


Saunple-1 
Sample-H 
Sample- Ht 
Saoomple-TV 


ND= Not 
Detectable 


The nature of the raw materials and their treatment prior to 
the formulation plays an dinponant role in the 
crystallization process. Attention was focused in the 
formation of zeolite of type Pc by reproducible, economical 
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processes and by utilizing mildest possible conditions. The 
concentration of reacting components in the initia! gel 
formation js one of the major factors in determining the 
species produced. Accordingly. attempts were made to 
develop a process for crystallization of zceolite-P using 
NALCO based raw materials. 


Preparatlon of Zeolite -P using NALCO origin Sodium 
Aluminate Liquor 


(A)Lnborutory Scale Studies: 


The analysis of Sodium Aluminate Liquor showed that the 
NasO content was 11.5±0.4 whereas % Al;O; was ranging 
from 8.19 to 10.60. The variation in the alumina content 
may be due to settling down of alumina during transport of 
sample and ageing. Since NasO content is high, the gel 
composition from which Zeolite-P was crystallized using 
synthetic Sodium Aluminate 
viz.2.58N;0:A1O;:3.8SiO):94H;0 was found to be 
unsuitable for preparation of Zeolite-P using NALCO 
origin Sodium aAluminate Liquor.Na:Q/SiOs.H;O/Na;O 
ratios and nature of the raw material were found to be the 
influencing synthesis parameters, different compositions 
were examined on the basis of the earlier results. Each 
composition was again subjected to different hydrothermal 
conditions for crystallization. However. after optimizing 
gel composition, a part of the investigation is summarized 
in Table-3 indicating the complexity in optimizing the 
synthesis conditions using NALCO origin Sodium 
Aluminate Liquor as a source of aluminium. The gel 
composition was chosen as 
4.39Na:O0:A1501:3.565iQ,:225H;0.NALCO origin Sodium 
Aluminate Liquor from Sample-} was used as a source of 
aluminium. For silica source, Sodium Silicate (28% SiO;, 
8.5% Na;O) wus used for tle gel prepanation. In a gel 
preparation, 15ml water was uddcd to 14.98 g of Sodium 
Silicate and stirred for 10 minutes. To this was added a 
solution of 20.18 g Sodium Aluminate diluted with 20m} of 
water with constant stirring for 10 min. 2.48g NaOH in 
21ml of water was added to the above resultant mixture 
with constant stiming for 15 minutes. The resultant gel was 
further sirred for about 30 minutes. The homogeneous gel 
so formed was then transferred to the stainless steel 
autoclave. For each experiment. starting gel wits prepared 
freshly with the same composition and then subjected to the 
desired hydrothennal treatment as tabulated in Table- 
3.After the autoclave attained the desired temperature. the 
time was recorded as the zeroth hour. The heat-up time 
varied for the different temperatures. The heat-up time was 
estimated as the time needed to attain the set temperature of 
the oven in the reactor after keeping it in the oven. The 
autoclaves were quenched to room temperature and solid 
product was separated by suction filtration. Sufficient 
washing of the wet cake with distilled water was ensured 
by checking pH of the filtrate and colour of the solid 
product. The product was dried at 120"C for 4 hrs. 


“ht ization: The pure, crystalline 
Na-P type zeolite obiained from Batch No. 11 of Table-3 
wus characterized by powder X-ray diffraction. Intrared 
Spectroscopy. Scanning Electron Microscopy. Chemuicat 
Analysis by Atomic Absorption Spectrowopy and X-Ray 


Fluorescence techniques. Calcium Exchange Capacity and 
Whiteness Index. 


Table-3. Crystallization of Zeolite of type-P using NALCO 
Sodium Aluminate Liquor as a Source of Aluminium. 


Aging Period { Crystallization } Period 
Temp. "C) | (hrs) (Co ctheso 
NO 9 


Le 
OE Oe ME 
EDO OER IEE 
CO EC OC 
ME De GR 
OC COC OC 


Chemical Analysis: (SVAD (pen ue = 1.82. (SYA xp 
=1.49 

Calcium Exchange Capacity: 169.4mgCoO per 1 gm otf 
anhydrous Zeolite-P Whiteness Index: 9S with respect to) 
BaSO,;. 


(B) Scaling Up: 

Based on the gbove results, an attempt was also made for 
scaling up by using autoclave of 20 1 capacity equipped 
with open turbine type agitator. The oxide mole 
composition in the inital gel mixture used tn the scaling-up 
runs was 4.24Na,0:A1;0,:3.56 SiOs: 22§ HO. In the first 
scaled-up batch, the quantities weighed and rmnmving 
sequence followed were as follows. 


2 1 of distilled water was added to 1.526 Kg of Sodium 
Silicate and sturmred for 1) minutes. To this was added a 
solution of 2.018Kg of Sodium Aluiminate Liguor of 
NALCO ongin diluted with 1 1 of distilled water with 
constant stirring for 15 minutes. 0.222Kg of NaOH pellets 
were dissolved in 1.5 1 of distilled water and it was achied 
to the above resultant solution with cunstant stimng tor 15 
minutes. The fonned gel was further sumed for about 2 hrs 
and then this homogeneous gel wis transferred te an 
autoclave of 20 1 capacity. The temperature was raised 
using the following programme 
a) Room Temp. to $0" C: time taken - Thr tSmin. 
b) 50°C -75°C : time taken- 30min. 
¢) 75” C- 100°C : time taken -M0min and allowed 

to age for 1 2hrs. 
d) 100°C - 110°C . time taken ~ 45 min. and allowed 

to crystallize tor 8 hrs. 


In order to check the progresmve crystallization of Jesired 
Phase. samples were removed after different length of 
crystallization period viz. Shr, 6hr 20 nun and & hr and they 
were examitied by XRD after filtration, washing and 
drying. After cunfimming the purity amd coysta}limty to 


——— 
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matimum extent, the product was drained oui after cooling 
the autoclave to mom temperature. Product was sepanited 
by suction filtration and washed by distilled water till the 
effluent showed pH in the range of 9.5 - 10.5. Snlid was 
dried at HIO“C for at least 4 hrs. The dried product was 
characterized by XRD. XRF. SEM and for Whiteness {index 
and Calcium Exchange Capacity These results are shown 
in Table along with the charactenstics of the products 
ohtgined from the newt scated-up processes from batch I 
to hatch-TV. The quantities of raw materials used for 
scaling up the process tor different batches are summarized 
in Table- €. 


Table-4.Charactenstics of the Products Zeolite-P obtained 
from the Scaled-up batches 


~ Analysis 


Chemica! 

Analyse 

(Sv Al whem anal 148 
MEAN {147 
Calcium 
Exchange 
Capacity 
mg of 
CaO/pranhyd.) 
Wintcnews Index 
tw.r te BaSO, 


the Process 
Batch ! Sodium : Sodium 
No. “ Silicate Aluminate ! 
kgs | 


Preparation of Zeolite of (ype P using NALCO origin 
Alumina Tri-hydrate (ATH) Powder 
(A) Laboratory Scale Studies: 
Experiments were conducted without any prior treatment 
fur the dissolution of ATH in order to seek the possibility 
of reducing this additional step during the synthesis and 
thereby encrgy consumpuon. 


Tuble-6.Detaals of Synthesis runs using NALCO based 
ATH 


Cry stathzation 


HS 


Batch 
No. 


* Onde 
Composition 


Mole 


| 24Na-O:ALDN. 
; XK7SiO- 48H) | 


2 4Na:0 ALO... ths. { Unknown 


, 3.%7SiO-- 14H O | phase 
; 3 2 4N-D.AO.. i Ins 'C Shm. jj Pe+Unhno 
; 287500 14514) ! wn phase 


2.4Na50.AL-O4 
3.87510. 1454-0 
; 2 -Nag:C. ALO. 

: 2.587510 -145H O 
3.9NS OO ALO 
24250 1S4H-0 


: HS'C 


i phase 
hase 


2h 
24hn 


; HouC 


10°C 


HS 


156 


4 22N2:0: ALO. 110°C 
2.8750. -145H:0 
4.22N9.0: ALO 
3.87510 :145SH-O 
$.17Na-O ALOr 

2.875102: 145H20 
2.76Na-O:AM- Oc 

1LuISiO. 7 OHO 
3 78N3;0. ALO 

3 $510. 161-0 
4.24N2:O: ALO 
2.56510. 225H O 
XNa5O AL-O4 
6 7510 344H-0 


fhre. Po+ 
analcine 

120°C | 2h 
+ 


hm. 


120°C us 


3 
+ 
t 


Mix phase 
i00C he PE 
nec : Ghrs Mix phase 
oo C 1 2hrs 
Pc+ 
analcime 
3 


0c {6h 
Pc+ 
| analcime 


In the typical gel preparation using composition-1 from 
Table- 6. 16.28g of sodjum silicate was diluted with 10m 
of distilled water and kept under mechanical stirring.3.4 2g 
alumina trihydrate powder of NALCO 
origin(65.35% ALO )was mixed with 2.1g of NaOH (96% 
Ranbaxy) &30m! of distilled water. This mixture was then 
udded in to NasSiO: solution slowly. ‘The resultant mixture 
was {then stirred further for 201nin. and then transferred to a 
Teflon lined stainiess steel lined autoclave. This autoclave 
was then subjected to the hydrothermal treatment in an air 
oven and temperature was raised stepwise to 110°C. It was 
allowed te crystallize for a period of Shns.After 8hns.. 
gutoclave was dquenched, product was filtered, washed 
thoruughly to remove excess Na;O and then dried in an 
oven at HO"C for 6 hms. XRD profile of this product 
confirms the presence of HS phavze. Similarly, without 
dissolution of ATH. different compositions at diffcrent 
reaction parameters yielded other than pure Na-Pc phase. 
Some unidentified phases, HS, analcime, etic. have been 
formed predominantly in the pure form or in the major 
contnBotion as a result of using as- supplied form of ATH 
from the alumina refinery plant of NALCO. Therefore, it 
was decided to conduct the experiments with prior 
treatment of dissolution of us- supplied form of ATH. 


RNaO:AL-Or 20 


6.75i0.:44H;0 


17h 


Further attempts were made 10 optimize synthesis 
conditions including the oxide mole compositions which 
will yield pure crystalline Na-P with reasonably good 


reproducibility. Following compositions gave the 
satisfactory results. 

4.24Na:0:A1:0;:3.56SiOy:225H50 -- oem ccc cne (1) 
2.76N2;0: Al)O5: 1.91SiO2: 1 70H5O---2202eme2r0eme 2) 


Scaling up: 

For the dissolution of ATH using composition (1), 352 g of 
ATH was mixed with u solution of 578g of NaOH 
dissolved in 3 1 of distilled water. This solution of ATH 
was then heated in a $.S.autoclave of 20 1} capacity 
followed by increasing the temperature up to 120°C and 
examined the extent of dissolution at 6.8,12.16,18,24. 36 & 
48hrs. Instead of increasing temperature tor the complete 
dissolution increase in the strength of alkali solution was 
preferred by decreasing the quantity of water by 
50% .Same set of experiments were carried out at 120"C for 
different length of period. After 16 hrs. a clear solution of 
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ATH was obtained indicating complete dissolution. This 


solution was then discharged and water toss was adjusted tA)Lgboratory Seale Studies. 
by adding required amount of distilled water.].686Kg For undertaking laboratory «cale study. following two 
sodium silicate was diluted with §.2 1 of divilled water with modified compnitions were tried for hydrothermal 
constant Miring. Clear solution of ATH was then added crystatlization for preparation of Zeolite-P using NALCO 
slowly under vigorous stirring to the diluted sodium silicate origin Spent Liquor. 
solution. The gel mixture formed was further stirred for 
2hrs. until the gel becomes homogenous. It was then (3: 4.98N 550: ALO:: 1.945105: 170H0 
transferred to an autochive of 20 | capacity with the help of {b) 4.98 N20). AIO 3.56810: 2254.0 
addl. onc titer of distilled water. The autoclave was then 
heated to 100"C by stepwise increment viz. (2) from room Studies were conducted for increasing he SiIOLALO: mole 
temp. to 50°C. (b) from S0"C to 100°C and hold for 12hrs. ratio in the gel mixture by reducing the alumina content. 
Then the temperature was further increased from! 00°C to However, with the change in quantity of alumina, the 
110"C.After 6 hrs cooling was started under normal change in Na:O content was made in such a way that they 
condition and then the product was discharged along with fall in proper range H;O/Na;O and Na;O/SiO;s mole ratios 
the mother liquor. Product was separated by vacuum favorable to yield Na-P phase. Experiments with reducing 
filtration followed by washing uill effluent showed pH in alumina moles systematically from1.0 mole to 0.75 motes, 
between 9-11.Product was dried in an air oven at 120°C for 0.7 moles, 0.6 motes and to 0.5 moles were conducted. 
$ hrs. XRD profile showed pure and well crystalline Na-Pc Tablc-9 summarizes the runs camied out at differen! 
phase. Using composition(2) .another scale up experiment temperature and period. 
was carried out in the similar way as above and XRD 
profile showed pure and welt crystalline Na-Pc phase. Table-9.1 aboratory scale runs using spent liquor 
‘omparative details of above scaled -up representative Batch : Molar Crystallizauon Phase H 
batches are summarized in Table-7. No. “© SiOs/ALO: {| TempJ/Period {| identification }| 
| !  ingel (XRD) 
mixture 
Table-7.Comparative studics of scaled -up batches using 


4.75 


Batch 


Weight(Kg) raw material tahen Crtallizaton Yield 
Temp/Timc (4 a 
XRF 
ATH NaOH | 120 7 


a i 
; 100 CN hrs. Na-Pe 

Noe Sa 

It is evident from the Table-9 that pure Na-Pc was 

crysuallized with only $SiO>/AILO. ratio equal to 7.11. The 

Table-8.The physico —chemical characterization of the composition 6.66 Na;O:ALO:4:7.11Si0.:448H;0 was 
products further exanuned with reducing watcr content in onder to 

reduce the batch volume. Unfurtunatefy. H O/NasO molar 


ratio below 67.27 fuiled to torm Zeobtc-P phase in present 
studies  heeping SiOV/ALO:s7 141 andNa,O/SiQO; 


Compo- 
¡ sion 100 C/12hrs. 
110°C/6hrs. traces 


¡ (1) 1.645 352 | to0'C/ 32h 


110°C 6h 


Cheinical 


Analysis ratin=0.936. In g typical gel preparation. 22 44 g of sodium 
(Si/ADreouea silicate was diluted with 45 ni of distilled water and kept 
aCe under stimng for 15 mins. 24.03 g of spent liquor diluted 


with 423ml of H:O was added slowly in to the above 
solution for 20 min. under vigorous stimng The gel 
mixture tormed was then further suimed for 30 min. for 


(Si/AD xk 


Calcium 


Exchange homogeneity. This gel mixture was then transferred to 
| Capacity Tefton hned S.S. autoclave which was then subjected to an 
j Mg of oven at 120"C tor 8$hms.The temperature 120"C was 


achieved stepwise in onler to avoid shooting up of the 
desired temperature. Kinetics of crystallizanon using this 
composition was studied by preparing fresh gel fur each 
batch and quenched ufter 2. 4.6.8.10.12 & 16 hr. After 
quenching autoclave, product was filtered and washed with 
distilled water. The wet cuke of the product was then dned 
in an oven at 120°C for 6 hrs. XRD profile of the product 
obtained atter & hrs showed the most pure and toully 


| Cao (anhyd.) 
% Whiteness 
i fndex 

{w.r.to BaSO,;} 


Preparution of Zeolite-P using NALCO origin Spent 
Liquor 
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crystalline Na-Pc phase. Further. the effect of ageing wis 
alo examined for the final Si/AL ratio in the product and 
morphology. As there was only marginal difterence in the 
both. the batch with fess env stathzatton time was preferred 
for the sealing up studies 


(B) Scaling up: 


For sealing up. autoclaves of 20 1. 50 1 and St0 1 capacity 
equipped vith open turbine type agitator were used for 
hatches A. B and C respectively and summarized in Table 
10 and HH. 


Table-10.Step-wise «aling up using NALCO Spent Liquor 
Batch ! WeightsiKg) of raw | 
No. ¦ matenals tahen | 
i ! Yieldig) 
' Sedum Spent Lig. ! 
! Water | 
1 silicate ¦ 


72 
! 2020 
18.40 


x.8 
26.4 


2270 


97 


: 63.15 1.69 

Table-11. The physico -chemical charactenzation of the 

fins! products obtained from the above three scaled-up 
batches. 

Barch-A 


' Batch-B 


Batch-C 
' Chemica! Analysis 
(SAD gs asses 

(Si/ADhm 


1.69 
1.68 


1.71 
! 169 


: Calcium Exchange 
¡ Capacity 

i Me of 
! CaO/gtanhyd.} 

; %& Whiteness Index 
: {w.rto BaSOs) 


pp 207-212. 
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Conclusion 


above IJaboratory and scale-up studies 
indicated that that Zeolite-P can be produced from 
NALCO origin raw materials viz. Sodium Aluminate 
Liquor/Alumina Tri-hydrate/Spent Liquor which can he 
used as a builder material in detergent formulation having 
better efficiency than detergent grade Zeolite-A. 


Results of the 
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Abstract 


Around 14% of alumins gets discharged into the red mud pond 
from NALCO's alumina refinery. The mincrals hosting alumina 
in red mud have been investigated using Optical microscope. 
Scanning Electron Microscope {SEM), Electron Probe Micro 
Analyzer (EPMA) and XRD. The minerals in red mud sample. 
as identified through integrated techniques. are: gibbsite, 
hoehmite. goethite, silimanite, muscovite, gamet and kaolinite 
besides minor hematite. sodalite and rutile. The average particle 
size of red mud is -Kym except isolated grains of gibbsite. 
goethite and garmet which are greater than 20pm in size. The 
gibbsite invariably contains up to 60 mole % of boehmite. The 
nodular goethite contains over 3(-mol % of ‘AT in its lattice and 
termed as alumo-gocthite. Around 34% of the AlOs is present 
in muscovite/silimanite/gamet. Studies reveal that most of the 
minerals in red mud have either alumina in their lattices or are 
undigested aluminium silicates that do not get dissolved during 
alumina refining. thus a considerable amount of alumina gets 
discharged through these phases into the red mud. 


Introduction 


Around 2 tons of caustic insoluble waste residue Known as ‘Red 
Mud’ is generated from NALCO aluminium refinery at 
Damanjodi. Koraput district, Orissa for every ton of alumina 
produced. Aluminium metal is extracted from aluminium oxide 
Phares that constitute only 38 to 60% of the original bauxite ore. 
The rest is made up of Fe;O., SiO,. TiO; and many other oxide 
phases. After dissolution of the bauxite in caustic soda, these 
impurities remain in suspended form which is separated out after 
being washed and then pumped in a slurry to the nearby pond 
called the Red Mud Pond. India accounts for about 2 Million 
tons of red mud per year of which is more than half the quantity 
is generated at the NALCO refinery. This industrial waste 
material poses tremendous cnvironmental and disposal 
problems. Reduction in the quantity of red mud is possible only 
through their utilization in one form or another. However. the 
inherent complexity of red mud poses problem in its bulk 
utilization. Prior to gomg for bulk utilization of red mud rejects 
{rom the NALCO refinery, it needs in-depth characterization. 
Rav et al {1] have reported the characteristics of undigested sand 
rejects from the NALCO retinery. Only limited atternpts have 
been made on the characterization of red mud sludge from this 
refinery (2-5). 


Fine particles of red mud can be characterized only through 
selected instrumental techniques. The present paper describes 
the characteristics of NALCO red mud throygh scanmng 
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electron microscopy and electron probe micro-analysis with a 
view to finding out the reason for alumina discharge into the red 
mud pond during the alumna refinery process. 


Materials and Methods 


For this study, representative red mud sludge was collected from 
the red mud pond of NALCO alumina refinery. After washing 
and oven drying. the sample was sprinkled nn double sided 
adhesive conducung tape. placed over the sample holder and 
studied under SEM USM 35CF) equipped with WDS & EDS 
systems. Compositional x-ray analysis was undertaken for 
selected minerals. 


Chemica! compositions of various phases were determined by an 
ARL-SEMQ-II electron microprobe in the Geochemisches 
Institute. Universitat Gottingen. Germany. which is equipped 
with six spectrometer and four different analyzing crystals. The 
operating conditions were 15 k¥ accelerating voltage and 15 nA 
sample current. ZAF - corrected representative mnineral analyses 
are presented in Table -1. 


Morphology and Mincralogy 


In the red mud ~ampte. about 35% by weight of solids contain 
Tess than S-micron particles and the average size is found to be 
around 8 micron. However, a few independent grains > 20pm 
size (about 105) are also present. Due to the very fine size, 
some of the particles appear coagulated. 


Broad mineral species present in the red mud sample were 
identified through XRD ¢tPhilips;. As can be wen from XRD 
pattern illustrated in Fig.1, the red mud sample contains gibbsite. 
hoehmite and sodalite as alununa bearing: goethite and hematite 
as iron bearing and rutile as titanium bearing phases. Goethite, 
hematite, rutile. kaolinite and mica were recognized upder 
optical microscope. 


Some of thew alumina bearing minerals were subsequently 
analyzed under electron micrv-probe. Gibbsite and guethite are 
observed to be duminating phases in the red mud xample. 
Gibbsites occur in pseudu hexagonal of prismatic habit. Goethite 
is either flaky or nodular, the later showing bunches of rotund 
units. Presence of fine grains of rutile, ilmenite. and zircon are 
recorded in subordinate amount. In addition, Aukes of kaolinite. 
mica, needles of silimanite ts fitho relics) and sub-rounded 
grams of gamet are alse noticed. 
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Fig.!- XRD pantern of Red-mud. 
] H: Hemautc, Go. Goethite. S: Sodalite. Gb: Gibbaite, 
R: Ruule. B: Boehmute} 


Mineral Chemistry 
A few selected mincral grains viz. gibbsite. gocthite and 
kaolinite. muscovite {precursor minerals nol completely 


replaced by alumina) from red mud were exposed under electron 
probe microanalyser (EPMA) to know the extent of alumina in 
them (Table 1-3). Most of the idiomorphic crystals appearing as 
gibbsite under scanning electron microscope are found to have 
undergone dcehydroxylation containing up to 60 mole %& of 
boehmite in solid solution (Table 1). 


The nodular type of gocthite contains alumina in its Jattice 
{Fig. 2). Such aluminu-nich goethite is termed as alumo-goethite 
by Jonas and Solymar {6] Since goethite grains in the NALCO 
red mud are found to contain 30 mo! % of alumina, it may be 
termed as alumo-goethite. 30 10 39% of ALO: are recorded in 
litho retict minerals like kaolinite and muscovite Makes (Table 2 
& 3). Compositional maps of kaolinite. silimanite and gamet 
grains in red mud (Figs. 3-5} indicate that these minerals are nol 
converted to gibbsite 


Tablc 1. Electron Probe Microanalysis Resulis of Selected 
AJlumina-rich Grains from Red Mud 


[Compound.# | 1 | 2 [3 TT 4 
NOE 


A MO CO FO 
A090, | 7830 | 712 | 6୨4 | 65.6 | 
(__F0 | ` 026] 060] 600 0.00) 
¡0.04 
0.00 


SiO. 


ଳି 


2 j = 
ow 
(®) 


AKOH); 


Other .93 
Oxides | 
Note: Column 1: Bochmite dominating: 2: Mixed bochmite- 
gibbsite: 3: Mixed pibbsite-bochmite; 4: Gibbmite dominating 
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Table 2. Electron Probe Microanalysis results of Knolinite and 


Gocthite 

| Compounds,.# | 1] 2] 3 44 
(Si0, | 45.859 | 43.834 | 0.795 | 0.70 | 
OC J (DC es Dre 

ALO; 

FeO | __ 0.145 | 0.049 | ` 85.012 | ` 52.63 | 
| M0 | 0.076 | 0058] = | ¬ | 
[MnO [0.000] 0018] | | 
02 „| 2 
ଠେ | 0054 | 0134 | | 2 
0.013 


| B30 | _ 0.000 | ` 0.017 | 
_ଏାଠ ¦ 0.009 | 0.000 | 


12.20 21.44 


J Based on 08 cation 
00 ¦ 


0.01 


To 1 ¦ 395 | 405] [| । 
HC SNPS 


Oe IE 
Fe for f  -[ 094] 062, 
(Mg _  [ ୪01] 601] | „| 


© 
Pp 
~- 


Note: Column 1! & 2: Kaolinite; 3: Gocthite; 4: Alumo-gocthite 


Reasons for Discharge of Alumina Phascs into Red Mud 


After the soluble aluminium containing oxidcs and hydroxides 
arc recovered in the Bayer process. other metal oxides present in 
the bauxite are disposed as a red mud material. However. 
discharge of alumina rich phases into the red mud pond, 
resulting loss in alumina recovery, is of great concem. 
Discharge of alumina to an appreciable extent (Av. Al;Os: 14%) 
into the red mud pond may be atuibuted to gibbsite containing 
boehmite in solid solution, alumo-goethite having 30 mol% of 
alununa in its lattice, needles of silimunite, specks of mica and 
garnet (litho-relict minerals) and minute kaolinite platelets 
recorded in the red mud. All such mineral phases do not get 
dissolved during the industrial treatment of bauxite with caustic 
soda and ultimately gct into the red nud pond. 


However. an in-depth study is necessary to improve the 
efficiency of digestion of all these phases during the Bayer 
process, so as to recover the alumina valuc from at Icast some of 
them. Volkoy et al [7] reported that by increasing the amount of 
lime at 240° C. it is possible to completely break down alumino- 
goethite. 
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Fig. 2. Compositional X-Ray Map of Fe & A! in Alumo- 
goethite found in Red Mud. Image Map of Iron. 
Alumna confinns the Presence of significant 
Alumina in the Gocethite Lattice 


Fig.4. Compositional Map of Si & Al in Sihimanite Grain 
Present in Red Mud. Presence of Silica and Alumina 
indicates its poor leaching during Bavutisation Process 


Table 3. Electron Probe Micro-analysis Results of Muscovite 


PCE EC 

074 [ MSM | 1120 

Ro eC LT ral 
C MgO 1 0498 [| 0355 | 0482 1 0375 | 


Fig. 3. Cisse X-Ray bie uf K, Al & Si in a Litho 
Relict Observed in Red Mud. The Silica Rich Phase 
Still Occupics the Core Region ind hence escaped 
leaching 


Digitized by srujanika@gmail.com 


Strategy for Development of Mineral Based Industries in Odisha 


* 
10.80 RR 


Fig. 5. Compositional Map of $1 & Al in Relict Game! 
Present in the in Red Mud 


Conclusions 


The red mud sludge from the NALCO alumina refinery at 
Damanjodi. Orissa. has been characterized using SEM-WDS 
and EPMA techniques. These are very fine grained muds, the 
average size being 8 micron. Different alumina containing 
Phases such av alumo-goethite. sillimanite. kuolinite, mica and 
gamet were identified from their micro-morphology and in-sily 
chemical analysis. which contribute to the loss of alumina into 
the red mud. The presence of dehydroxylated grains of gibbsite 
probably indicates the higher temperature (than that for pure 
gibbsite) required tor their dissolution. 


The mineral chemistry of some of the constituent phases in red 
mud reveals the presence of lattice hound alumina which 
escapes the digestion stage in the Bayer's process. resulting in 
loss of alumina during the refining provess at NALCO. 
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In metallurgy, a non-ferrous metal is a metal, including alloys that does not contain iron (ferrite) in appreciable amounts. 
Generally, more expensive than ferrous metals, non-ferrous metals are used because of desirable properties such as low weight 
(e.g. Aluminium), higher conductivity (e.g. Copper), non-magnetic property or resistant to corrosion (e.g. Zinc). Some non-ferrous 
materials are also used in the iron and steel industries. For example, bauxite is used as flux for blast furnaces, while others such as 
wolframite, pyrolusite and chromite are used in making ferrous alloys. 


Important non-ferrous metals include aluminium, copper, lead, nickel, tin, titanium & zinc, and alloys such as brass. Precious 
metals such as gold, silver and platinum and exotic or rare metals such as cobalt, mercury, tungsten, beryllium, bismuth, cerum, 
cadmium, niobium, indium, gallium, germanium, lithium, selenium, tantalum, tellurium, vanadium and zirconium, are also non- 
ferrous. They are usually obtained through minerals such as sulphides, carbonates, and silicates. Non-ferrous metals are usually 
refined through electrolysis. 


Recycling and Pollution Contro! 


Due to their extensive use, non-ferrous scrap metals arc 
usually recycled. The secondary materials in scrap arc vital to the 
metallurgy industry, as the production of new metals often needs 
them. Some recycling tacilities re-smelt and recast non-terrous 
materrals; the dross is collected and stored onsite while the metal 
fumes are filtered and collected. Non-tferrous scrap metals are 
sourced from industrial serap materials, particle emissions and 
obsolete technology Hor example. copper cables wrap! 


Ancient History 

Non-ferrous metals were the first metals wed by humans 
for metallurgy. Gold, silver and copper existed in their native 
crystalline yet metallic form. ‘hese crystals, though rare. are 
enough to attract the attention of humans. Less susceptible 
lv oxygen than most other metals, they can be found even in 
weathered outcroppings. Copper was the first metal to be forged: 
il was suft enough te be foshoned fate varus nbiects by cold 
forging, and at veh be malted ana erable Gold. sha and 
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copper replaced some of the functions of other resources, such as 
woud and stone, owing to their ability to be shaped into various 
forms for different uses. Due to their rarity, these gold, silver 
and copper artifacts were treated as luxury items and handled 
with great care. The use of copper also heralded the transition 
from the Stone Age to the Copper Age. The Bronze Age, which 
succeeded the Copper Age. was again heralded by the invention 
of bronze, an alloy of copper with the non-ferrous metal tin. 


Mechanica! and Structural Use 


ft is used in residential, cominerctal, and indusirial sectors. 
Material selection for a mechanical or structural application 
requires some important censidcerations. including how easily 
the material can be shaped into a finished part and how its 
properties can be either intentionally or inadvertently altered 
in the process. Depending on the end usc, metals can be simply 
cast into the hinished part, or cast inte an intermediate form, 
such as an ingot, then worked or wrought, by rolling, forging, 
extruding, or other deformation process. Although the same 
operations are used with terrous as well as non-ferrous metals 
and alloys. the reaction of non-ferrous metals to these torming 
processes 1s uften more severe. Consequently. properties may 
differ considerably between the cast and wrought forms of the 
same metal or alloy. 


Non-Ferrous Extractive Metallurgy 


It 1s one of the two branches of extractive metallurgy 
which pertains to the processes of reducing valuable, non-iron 
metals from ores or raw material. Metals like zinc, copper, lead, 
aluminium as well as rare and noble metals are of particular 
interest in this field, while the more common metal, iron, is 
considered a major impunity. Like ferrous extraction, non-ferrous 
extraction primarily focuses on the economic optimization of 
extraction processes in separating qualitatively and quantitatively 
marketable metals from its impurities (gangue). 


Any extraction process will include a sequence of steps 
or unit processes for scparating highly pure metals from 
undesirables in an economically efficient system. Unit processes 
are usually broken down into three categorivs: pyrometallurgy, 
hydrometallurgy and electrometallurgy. In pyrometallurgy. the 
metal ore is first oxidized through roasting or smelting. The 
target metal is further refined at high temperatures and reduced 
to its pure form. In hydrometallurgy, the object metal is first 
dissociated from other materials using a chemical reaction, which 
is then extracted in pure form using electrolysis or precipitation. 
Finally, electrometallurgy generally involves electrolytic or 
electrothermal processing. The metal ore is either distilled in 
an electrolyte or acid solution, then magnetically deposited 
onto a cathode plate (electrowinning): or smelted then mclted 
using an electric arc or plasma arc furnace (electrothermic 
reactor}. Extractive metallurgy of ferrous and non-ferrous 
metals can involve pyrometallurgy, but chemical processes like 
hydrometallurgy and electrometallurgy are far more common 
in methud of non-ferrous extraction 


Another major difference in non-ferrous extraction is 
the greater emphasis on minimizing metal losses in slag. This 
is widely due to the exceptional scarcity and economic value 
of certain non-ferrous metals which are inevitably discarded 
during the extraction process to some extent. Thus, material 
resource scarcity and shortages are of great concern to the non- 
ferrous industry. Recent developments in non-ferrous extractive 
metallurgy now emphasize on the reprocessing and recycling 
of rare and non-ferrous metals from secondary raw materials 
(scrap) found in landfills. 


Prehistory of Non-Ferrous Extractive Metallurgy 


In general, prehistoric extraction of metals, particularly 
copper, involved two fundamental stages: first, the smelting of 
copper ore at temperatures exceeding 700°C is needed to separate 
the gangue from the copper; second, melting the copper, which 
requires temperatures exceeding its melting point of 1080°C. 
Given the available technology at the time, accomplishing these 
extreme temperatures posed a significant challenge. Early smelters 
developed ways to effectively increase smelting temperatures by 
feeding the fire with forced flows of oxygen. 


Copper extraction in particular, is of great interest in 
archeometallurgical studies since it dominated other metals 
in Mesopotamia from the early Chalcolithic until the mid- 
to-late sixth century BC. There is a lack of consensus among 
archcometallurgists on the origin of non-ferrous extractive 
metallurgy. Some scholars believe that extractive metallurgy may 
have been simultaneously or independently discovered in several 
parts of the world. The earliest known use of pyrometallurgical 
extraction of copper occurred in Belovode, eastern Serbia, from 
the late sixth to carly fifth millennium BC. However, there is 
also evidence of copper smelting in Tal-i Iblis south-castern 
Iran, which dates back to around the same period. During this 
period, copper smelters used large in-grown pits filled with coal, 
or crucibles to extract copper, but by the fourth millennium BC, 
this practice had begun to phase out in favour of the sinelting 
furnace, which had a larger production capacity, From the third 
millennium onward, the invention of the reusable smelting furnace 
was crucial to the success of large-scale copper production and 
the robust expansion of the copper trade through the Bronze Age. 


The earliest silver objects began appearing in the late fourth 
millennium BC in Anatolia, Turkey. Prehistoric silver extraction is 
strongly associated with the extraction of the less valuable metal, 
lead; although evidence of lead extraction technology predates 
silver by at least 3 millennia. Silver and lead extractions are also 
associated because the argentiferous (silver-bearing) ores used 
in the process often contains both elements. 


In general, prehistoric silver recovery was broken down mto 
three phases: First, the silver-lead ore is roasted to separate the 
silver and lead from the gangue. The metals arc then melted at 
high temperature (greater than 1100°C) in the erucible, while 
air is blown over the molten metal (cupellation). Finally, lead is 
oxidized to form lead monoxide (PbO) or is absorbed into the 
walls of the crucible. leaving the refined silver behind. 
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The silver-lead cupellation method was first used In 
Mesopotamia belween 4000 and 3500 BC. Silver artifacts, dating 
sround 3600 BC, were discovered in Naqada, Egypt. Some of 
these cast silver artifacts contained less than 0.5 per cent lead, 
which strongly indicates cupellation. 


Earty to late Anglo-Saxon Cupellation 


Medieval Smetting Plant 


Cupellation was also being used in parts of Europe to extract 
gold, silver, zine, and tin by the late ninth to tenth century AD. 
Here, one of the earliest examples of an integrated unit process 
for extracting more than onc precious metal was first introduced 
by Theophilus around the twelfth century. First, the gold-silver 
ore is melted down in the crucible, but with an excess amount of 
lead. The intense heat then oxidizes the lead which reacts quickly 
and binds wath the impurities in the gold-silver ore. Since both 
gold and silver have low reactivity with the impurities, they 
remain behind once the slag is removed. The last stage involves 
parting, in which the silver is separated from the gold. First, the 
gold-silver alloy is hammered into thin sheets and placed into 
a vessel. The sheets were then covered in urine, which contains 
sodium chloride (NaCl). The vessel is then capped and heated 
for several hours until the chlorides bind with the silver, creating 
silver chloride (AgCl). Finally, the silver chloride powder is then 
removed and smelted to recover the silver, while the pure gold 
remains intact. 


Hydrometallurgy In Chinese Antiquity 


During the Song Dynasty, Chinese copper output from 
domestic mining was in decline and the resulting shortages 
caused miners to seck alternative methods for extracting copper. 
The discovery uf a new “wet process” for extracting copper from 
mine water was introduced berween the eleventh and twelfth 
century, which helped to mitigate their loss of supply. 


Similar to the Anglo-Saxon method for cupellation, the 
Chinese employed the use of a base metal to extract the target 
metal {mom ts ampurittes. Fast the base metal iron, is hammered 


into thin sheets. The sheets are then placed into a trough filled 
with “vitriol water” Le., copper mining water which iv then left 
to steep for several days. The mining water contains copper salts 
in the form of copper sulphate CuSOs. The iron then reacts 
with the copper, displacing it from the sulphate ions, causing 
the copper to precipitate onto the iron sheets, forming a “wet” 
powder. Finally, the precipitated copper is collected and refined 
further through the traditional smelting process. This is the first 
large-scale use of a hydrometallurgical process. 


Non-Ferrous Metals 


Non-ferrous metals offer a wide variety of mechanical 
properties and material characteristics. They are specified for 
structural applications requiring reduced weight, higher strength, 
nonmagnetic properties, higher melling points, or resistance to 
chemical and atmospheric corrosion. They are also specified for 
electrical and electronic applications. 


Material selection for a mechanical or structural application 
requires some important considerations, including how easily 
the material can be shaped into a finished part and how its 
properties can be either intentionally or inadvertently altered 
in the process. 


To shape both non-ferrous and ferrous metals, designers 
use processes that range from casting and sintered powder 
metallurgy (P/M) to hot and cold working. Each forming method 
imparts unique physical and mechanical characteristics to the 
fina! component. 


Aluminium 


Though light in weight, commercially pure aluminium 
has a tensile strength of about 13.000 psi. Cold working the 
metal approximately doubles its strength. In other attempts to 
increase strength, aluminium is alloyed swith clements such as 
manganese, silicon, copper, magnesium, or zinc. The alloys can 
also be strengthened by cold working. Some atlays are further 
strengthened and hardened by heat treatments. At subzero 
temperatures, aluminum ws stronger than at room temperature 
and is na less ductile. Most aluminium alloys lose strength at 
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elevated temperatures, although some retain significant strength 
te S00°F. Besides a high strength-to-wcight ratio and good 
tformahbilitv, aluminium also possesses its own anticorrosion 
mechanism. When exposed to airy, aluminium does not oxidize 
progressively because a hard. microscopic oxide coating forms 
on the surtace and seals the metal from the environment. The 
tight chemical oxide bond is the reason that aluminium is not 
found in nature: it exists only av a compound. 


Aluminium and its atloys, numbering in the hundreds. 
arc available in all common commercial forms Aluminium- 
attoy sheet can be formed, drawn. stamped, or spun. Many 
wrought or cast aluminium alloys can be welded, brazed. or 
soldered, and aluminium surtaces readily accept a wide varicty 
of finishes, both mechanical and chemical. Because of their high 
electrical conductivity, aluminium alloys arc used as electrical 
conductors. Aluminium reflects radiantenergy throughout the 
entire spectrum, is non-sparking, and nonmagnetic. 


Wrought Aluminium: A four-digit number that corresponds 
to a specific alloying element combination usually designates 
wrought aluminium alloys. This numher is followed by a temper 
designation that identifies thermal and mechanical treatments. 


To develop strength, heat-treatable wrought alloys arc 
solution heat treated, then quenched and precipitation hardened. 
Solution heat treatment consists of heating the metal, holding at 
temperature to bring the hardening constituents into solution, 
then cooling to retain those constituents in solution. Precipitation 
hardening after solution heat treatment increases strength and 
hardness of these alloys. 


While some alloys age at room temperature, others require 
precipitation heat treatment at an elevated temperature (artificial 
aging) for optimum properties. However, distortion and 
dimensional changes during natural or artificial aging can be 
significant. In addition, distortion and residual stresses can be 
introduced during.quenching from the solution heat-treatment 
cycle. These induced changes can be removed by deforming the 
metal (for example, stretching). 


Wrought aluminium alloys are also strengthened by cold 
working. The high-strength alloys — either heat treatable or 
not — wurk harden more rapidly than the lJower-strength. softer 
alloys and so. may require annealing after cold working. Because 
hot forming does not always work harden aluminium alloys, this 
method is used to avoid annealing and straightening operations; 
however, hot forming fully heat-treated materials is difficult 
Generally, aluminium formability increases with temperature. 


Recently developed aluminium alloys can provide nearly 
custom-engineered strength, fracture toughness, fatigue 
resistance, and corrosion resistance for aircraft forgings and 
other critical components. The rapid-solidification process is 
the basis for these new alloy systems, called wrought P/M alloys. 
“Ihe term wrought P/M i» used tu distinguish this technology 
from conventional press-and-sinter P/M technology. Grades 
7090 and 7091 arc the first commercially available wrought P/M 
aluminium alloys. These alluys can be handled like conventional 
aluminum alors on existing atuminium- fabrication lavilities. 


Other significant new materials are the aluminium-lithium 
alloys. Thesc lightweight metals are as strong as alloys now in 
usc and can be fabricated on existing metalworking equipment. 
Although impressive structural weight reductions (from 7 to 10 
per cent) are possible through direct substitution, even greater 
reduction (up 1o 15 per cent) can be realized by developing 
fully optimized atloys for new designs. Such alloys would be 
specifically tailored to provide property comhinations not 
presently available. Producing an alloy that will provide these 
combinations is the object of second and third-generation low- 
density atlov development efforts. 


Operating economy is still an important consideration in 
vehicle design despite fluctuating fuel prices. Downsizing to save 
fucl has reached its practical limits; now, reducing the weight of 
individual components is taking over. One significant change 
being implemented by designers of automobiles and military 
vehicles today is converting driveshafts, radiators, cylinder 
heads, suspension members, and other structural components 
to aluminium. 


Cast Aluminium: Aluminium can be cast by all common 
casting processes. Aluminium casting alloys are identified with 
a unified, four-digit (xxx.x) system. The first digit indicates the 
major alloying element. For instance, 100 series is reserved for 
99 per cent pure aluminium with no major alloying element 
used. The second and third digits in the 100 series indicate the 
precise minimum aluminium content. For example, 165.0 have a 
99.65 per cent minimum aluminium content. The 200-900 series 
designate various aluminium alloys, with the second two digits 
assigned to new alloys as they are registered. The fourth digit 
indicates the product form. Castings are designated 0; ingots 
are designed 1 or 2. 


Letter prefixes before the numerical designation indicate 
special control of one or more elements or a modification of the 
original alloy. Prefix X designates an experimental composition. 
The material may retain the experimental designation up to 
five years. Limits for the experimental alloy may be changed 
by the registrant. 


Commercial casting alloys includc heat-treatable and 
nonheat-treatable compositions. Alloys that are heat treated 
carry the temper designations 0, T4, T5, T6, and T7. Die castings 
are not usually solution heat treated because the temperature 
can cause blistering. 


Permanent-mold casting technology involves several 
variations having to do with how the metal gets into the mold 
cavity. Initially, molds were simply gravity filled from ladles, in 
the same manner as sand molds. Subsequently, low pressure 
on the liquid-meta! surface of a crucible was used to force the 
metal up, through a vertical tube, into the mold cavity. This 
refinement produces castings with higher mechanical properties 
and is more economical than gravity filling because extensive 
gates and risers are unnecessary. 


Morc recently, the process was modified to use a low level 
of vacuuin drawn on the mold cavity, causing atmospheric 
pressure to force the molten metal up into the mold. This proevss 
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varialion, together with controlled and rapid solidification, 
increases properties further because il produces castings that 
are almost entirely free of porosity. 


Although both variations improve properties and speed 
casting cycles, the added equipment complexitics limit the casting 
size that can be handled. Consequently, all three permanent: 
mold processes are in use today, turning out aluminium 
castings weighing from less than one pound to several hundred 
pounds. 


Aluminium Matrix Composites: Metal matrix composites 
(MMCs) consist of metal alloys reinforced with fibers, whiskers, 
particulates, or wires. Alloys of numerous metals (aluminium, 
titanium, magncsium and coppcr) have been used as matrices 
to date. Recent MMC developments, however, seem to thrust 
aluminium into the spotlight. In the NASA space shuttle, for 
example, 240 struts are made from aluminium reinforced with 
boron fibers. Also, aluminium diesel-engine pistons that have 
been locally reinforced with ceramic fibers are eliminating the 
need for wear-resistant nickel-cast iron inserts in the automotive 
environment. 


Fabrication methods ditfer for both products, Monolayer 
tapes in the space shuttle struts are wrapped around a mandrel 
and hot isostatically pressed to diffusion bond the layers. For the 
pistons, a squeeze-casting process infiltrates liquid metal into 
a fiber preform under pressure. Other fabrication methods for 
MMCs include: hot pressing a layer of parallel fibers between foils 
to creale a monolayer tape; creep and super plastic forming ina 
die; and spraying mclal plasmas on collimated fibers followed 
by hot pressing. 


Super Plastic Aluminium: Super plastic forming of metal, a 
process similar to vacuum forming of plastic shect, has been used 
to form low-strength aluminium into nonstructural parts such 
as cash-register housings, luggage compartments for passenger 
{rains, and nonload-bearing aircraft components. New in this 
area of technology is a super plastic-formable high-strength 
aluminium alloy, now available for structural applications and 
designated 7475-02. Strength of alloy 7475 is in the range of 
acrospace alloy 7075, which requires conventional forming 
operations. Although initial cost of 7475 is higher, finished part 
cost is usually lower than that of 7075 because of the savings 
involved in the simplified design/assembly. 


Beryllium 


Among structural metals, beryllium has a unique combination 
of properties. It has low density (two-thirds that of aluminium), 
high modulus per weight (five times that of ultrahigh-strength 
steels), high specific heat, high strength per density, excetlent 
dimensional stability, and transparency to X-rays. Beryllium is 
expensive, however, and its impact strength is low compared 
to values for most other metals. Available forms include block, 
rod, sheet, plate, foil, exirusions, and wire. Machining blanks, 
which are machined from large vacuum hot pressings, make 
up the majority of beryllium purchases. However. shapes can 
also be produced directly from powder by processes such as 
cold-press/sinter/con, CIP/HIP, CIPf/sinter. CIP hot pres 


and plasma spray/sinter. CIP 15 cold-isostatic press, and HIP 1s 
hot-isostatic press. Mechanical properties depend on powder 
characteristics, chemistry, consolidation process, and thermal 
treatment Wrought forms, produced by hot working, have high 
strength in the working direction, but properties are usually 
anisotropic. 


Beryllium parts can be hot formed from cross-rolled sheet 
and plate as well as plate machined from hot-pressed block 
Forming rates arc slower than for titanium, tor example, but 
tooling and forming costs for production items are comparable. 
Structural assemblies of beryllium components can be joined by 
most techniques such as mechanical fasteners, rivets, adhesive 
bonding, brazing. and diffusion bonding. Fusion-welding 
processes are generally avoided because they cause excessive 
grain growth and reduced mechanical properties. 


Beryllium behaves like other light metals when exposed to 
air by forming a tenacious protective oxide film that provides 
corrosion protection. However, the bare metal corrodes readily 
when exposed for prolonged periods to tap ur seawater or 
to a corrosive environment that includes high humidity. The 
corrosion resistance of beryllium in both aqueous and gas¢ous 
environments can be improved by applving chemucal conversion, 
metallic, or nonmetallic coatings. Beryllium can be electroless 
nickel plated, and flame or plasma sprayed. 


All conventional machining operativuns are possible vith 
beryllium, including EDM and ECM. However, beryllium 
powder 1s toxic if inhaled. Since airborne beryUium particles 
and beryllium salts present a health hazard, the metal must be 
machined in specially equipped facilities for satety. Machimmg 
damages the surface of beryllium parts. Strength is reduced by 
the formation of micro cracks and “twinning.” The depth of the 
damage can be limited during finish machining by taking weveral 
light machining cuts and sharpening cutting tools (requently 
ur by using nonconventional metal-removal processes. For 
highly stressed structural parts, 0.002 to 0.004 in. should be 
removed from cach surface by chemicai etching or milling 
after machining. This process removes cracks and other surface 
damage caused by machining. thereby preventing premature 
failure. Precision parts should be machined with 3 sequence of 
light cuts and intermediate thermal stress reliefs te provide ths 
greatest dimensional! stability 
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Bervllium typically appears in military-aircraft and space- 
shuttle brake systems. in missile re-entry body structures. 
missile guidance systems, mirrors and optical <ystems, satellite 
structures, and X-ray windows. The modulus-to-density ratio is 
higher than that of unidirectionally reinforced, “high-modulus” 
boron, carbon. and graphite-fiber composites. Beryllium has an 
additional advantage because its modulus of elasticity is isotropic. 


Copper 


Copper conducts electricity at a rate 97 per cent that of 
silver. and i< the standard lor electrical conductivity. Copper 
provides a diverse range of propertres: good thermal and electnical 
conductivity. corrosion resistance, ease of forming, ease of 
joining. and colour In addition, however. copper and its alloys 
have relatively luw strength-to-weight ratios and low strengths 
at elevated temperatures. Some copper alloys arc ale susceptible 
10 stress-cormosion cracking unless they are stress relieved. 


€ alex 


Copper and its alloys — the brasses and bronzes — are 
available in rod, plate, strip, sheet, tube shapes, forgings, wire, 
and castings. These metals are grouped according to composition 
into several general categories: coppers, high-copper alloys, 
brasses. leaded brasses, bronzes, aluminium bronzes, silicon 
bronzes. copper nickels, and nickel! silvers. 


Copper-based alloys form adherent films that are relatively 
umpervious to corrosion and that protect the base metal from 
further attack. Certain alloy systems darken rapidly from brown 
to black in air. Under most outdoor conditions, however, copper 
surfaces develop a blue-green patina. Lacquer coatings can be 
applied to retain the original alloy colour. An acrylic coating 
with benzotciazole as an additive lasts several years under most 
outdoor, abrasion-free conditions. 


Although they work harden, copper and its alloys can be 
hol or cold worked. Ductility can be restored by annealing or 
heating incident to welding or brazing operations. For applications 
requiring maximum electrical conductiviry, the most widely used 
copper is C1 1000, “tough pitch)?” which contains approximately 
{.03 per cent oxvgen and 2 miniinum of 99.0 per cent copper. 
In addition te high electrics’ conductivity, oxygen-free grades 
CGO end ¢ 1e2086 provide immunity 10 embrittlement al 


high temperature. The addition of phosphorous produces grade 
€ 12200 — the standard water-tube copper. 


High-copper alloys contain small amounts of alloying 
elements that improve strength with some loss in electrical 
conductivity. In amounts of 1 per cent, for example. cadmium 
increases strength by 50 per cent, with a loss in conductivity 
to 85 per cent, Small amounts of cadmium raise the softening 
temperature in alloy 11600, which is used widely tor printed 
circuits. Tellurium or sulphur, present in small amounts in Grades 
C 14500 and €14700. has been shown to increase machinability. 


Copper alloys do not have a sharply defined yield point, 
so yield strength 1s reported either as 0.5 per cent extension 
under load or as 0.2 per cent offset. On the most common basis 
(0.5 per cent extension), yield strength of annealed material is 
approximately one-third the tensile strength. As the material 
is cold worked or hardened, it becomes less ductile, and yicld 
strength approaches tensile strength. 


Copper is specified according to temper, which is established 
by cold working or annealing. Typical levels are: soft, hali-hard, 
hard, spring. and extra-spring. Yicld strength of a hard-temper 
copper is approximately two-thirds of tensile strength. 


For brasses. phosphor bronzes, or other commonly cold- 
worked grades, the hardest available tempers are also the 
strongest and represent approximately 70 per cent reduction in 
area. Ductility is sacrificed, of course, to gain strength. Copper- 
beryllium alloys can be precipitation hardened to the highest 
strength levels attainable in copper-base alloys. 


The ASME Boiler and Pressure Vessel Code should be used 
for designing critical copper-alloy parts for service at elevated 
temperatures. The code recommends that, for a specific service 
temperature, the maximum allowable design stress should be the 
lowest of these values as tabulated by the code: one-fourth of the 
ultimate tensile strength, two-thirds of the yield strength, and 
two-thirds of the average creep strength or stress-rupture strength 
under specified conditions. Silicon bronzes, aluminium brasses, 
and copper nickels arc widely used for elevated-temperature 
applications. 


All copper alloys resist corrosion by fresh water and steam. 
Copper nickels, aluminium brass, and aluminium bronzes 
provide superior resistance lo saltwater corrosion. Copper alloys 
have high resistance to alkalis and organic acids, but have poor 
resistance to inorganic acids. One corrusive situation encountered, 
particularly in the high-zinc alloy, is dezincification. The brass 
dissolves as an alloy, but the copper constituent redeposits as 
a porous, spongy metal. Meanwhile, the zinc component is 
carried away by the atmosphere or deposited on the surface as 
an insoluble compound. 


Designating Alloys: Originally developed as a three-digit 
system by the US copper and brass industry, the designation 
system for copper-based alloys has been expanded to five digits 
preceded by the letter C as part of the Unified Numbering System 
for Metals and Alloys {UNS The UNS designations are simply 
an expansion of the former designation numbers. For example, 
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Copper Alloy No. 377 (forging brass) becomes C37700. Numbers 
C10000 through C79900 are assigned to wrought compositions, 
and numbers C80000 through C99900 to casting alloys. 


The designation system is not a specification; rather, it is 2 
incthod for identifying and defining the chemical composition 
of mill and foundry products. The precise requirements to be 
satisfied by a material and the temper nomenclature that applies 
are defined by the relevant standard specifications (ASTM, 
Federal, and Military) for each composition. 


There are approximately 370 commercial copper and copper- 
alloy compositions. Brass mills make wrought compositions in 
the form of rod, plate, sheet, strip, tube, pipe, extrusions, (oil, 
forgings, and wire. Foundries supply castings. The following 
general categories apply to both wrought and cast compositions. 


Coppers, High-Copper Alloys: Both wrought and cast 
compositions have a designated minimum copper content and 
may include other elements or additions for special properties. 


Brasses: These alloys contain zinc as the principal alloying 
element and may have other designated elements. The wrought 
alloys are comprised of copper-zinc alloys, copper-zinc-lead 
alloys (leaded brasses), and copper-zinc-tin alloys (tin brasses). 
The cast alloys are comprised of copper-zinc-tin alloys (red, 
semi-red and yellow brassces), manganese bronze alloys (high- 
strength yellow brasses), leaded manganese bronze alloys (leaded 
high-strength yellow brasses), and copper-zinc-silicon alloys 
{silicon brasses and bronzes). 


Bronzes: Wrought bronze alloys comprise four main groups: 
coppcr-tin-phosphorous alloys (phosphor bronzes), copper- 
tin-lead-phosphorous alloys {leaded phosphor bronzes), and 
copper-silicon alloys (silicon bronzes). Cast alloys also have 
four main ({amilies: copper-tin alloys (tin bronzes), copper- 
tin-lead alloys (leaded and high-leaded tin bronzes), copper- 
tin-nickel alloys (nickel-tin bronzes), and copper-aluminium 
alloys (aluminium bronzes). 


Copper-Nickels: These are cither wrought or cast alloys 
containing nickel as the principal alloying element. 


Copper-Nickel-Zinc Alloys: These are known as nickel 
silvers, from their colour, 


Leaded Coppers: These are cast alloys containing 20 per 
cent lead or more. 


Magnesium 


As the lightest structural metal available, magnesium'’s 
combination of low density and good mechanical strength 
results in a high strength-to-weight ratio. 


Because of their low modulus of elasticity, magnesium 
alloys can absorb energy elastically. Combined with moderate 
strength. this provides excellent dent resistance and high damping 
capacity. Magnesium has goud fatigue resistance and performs 
particularly well in applications involving a large number of 
cycles at relatively low stress. ‘The metal is sensitive to stress 
concentration, however so, notches. sharp corners, and abrupt 
sectivn changes should be avoided 


Magnesium parts are generally used from room temperature 
10 about 200°F or, in some cases, to 350°F. Some alloys can be 
used in service environments to 700°F for brief exposures. 


Magnesium is widely recognized for its favourable strength- 
to-weight ratio and excellent castability, but deeply ingrained 
misconceptions often prevent designers from specifying il as a 
die-cast material. However, what is true of magnesium as a generic 
material is not true of today’s die-casting alloy. The new hugh- 
purity alloy, combined with advances in fluxless, hot-chamber 
die-casting processing, has altered the traditional guidelines for 
evaluating the cost and performance of magnesium die castings. 


Cast magnesium alloys are dimensionally stable to about 
200°F. Some cast magnesium-aluminium-zinc alloys may 
undergo permanent growth if used above that temperature for 
long periods. Permanent-mold castings are as strong as sand 
castings, and they generally provide closer dimensional tolerances 
and better surface finish. Typical applications of magnesium 
gravity castings are aircraft engine components and wheels for 
race and sports cars. 


Design of die-cast magnesium parts follows the same 
principles established for other die-casting metals. Maximum 
mechanical propertics in a typical alloy are developed in wall 
thicknesses ranging from 0.078 to 0.150 in. Chain-saw and 
power-tool housings, archery-bow handles, and attaché-case 
frames arc typical die-cast applications. 


Magnesium is easy to hot work, so fewer forging steps 
are usually required than for other metals. Bending, blocking, 
and finishing are usually the only operations needed. Typical 
magnesium forgings are missile fuselage connector rings. 


Standard extruded shapes include round, square, rectangular, 
and hexagonal bars; angles, beams, and channels; and a variety of 
tubes. Luggage frames and support frames for military shelters 
are examples of magnesium extrusions. 


Methods used for Joining magnesium are gas tungsten-ane 
(TIG) and gas metal-arc (MIG) welding, spot welding, riveting. 
and ydhesive bonding. Mechanical fasteners can be used un 
magnesium. provided that stress concentrations ace held to a 
sale minimum. Only ductile aluminium rivets should be used. 
preferably alloy S056-H32, to mimimize galyvanw corrosion 
failure at riveted :vints. 
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Specification: Magnesium alloys are designated by a system 
established by the ASTM that covers both chemical cornpositions 
and tempers. 

‘Me first two letters of the designation identifies the two 
alloying elements specified in the greatest amount. The letters are 
arranged in order of decreasing percentages or alphabetically ifthe 
elements are present in equal amounts, The letters are followed by 
respective percentages rounded ofl to whole numbers. followed 
by a final serial letter. The serial letter indicates some variation 
in composition of minor alloving constituents or impurities. 


The Jetters that designate the more common magnesium 
alloying clements are: 
+ A- Aluminium 
+ CE - Rare Earths 
+ H - Thorium 
+ KK - Zirconium 
se LL - Lithium 
+ M- Manganese 


+ Q-Sihlver 
e § - Silicon 
eo Z- Zinc 


For example, magnesium alloy AZ31B contains 3 per cent 
aluminium {code letter A) and 1 per cent zinc (code letter Z). 


Resisting corrosion: A problem with magnesium has been 
its lack of suthcent corrosiun resistance for many applications, 
particularly in the alloys used fur dic and sand casting. The 
problem has been solved by the two major supplies, Dow and 
AMAYX; both have developed corrasion-resistant, high-purity 
AZ91 alloys for die casting, and both also offer a sand-casting 
grade. 


‘The die-casting grade is now designated by ASTM as AZ91D 
and will. for all practical purposes. replace AZ91B. The sand- 
casting grade received the designation AZ9IE from ASTM. The 
high-purity alloys are said to be as much as 100 times more 
corrosion resistant than standard magnesium alloys, and more 
resistant to sallwater than die-cast 380 aluminium alloy or 
cold-rolled steel, tested according to ASTM B17. Research in 
magnesium metallurgy has shown that the ability of magnesium 
to resist corrosion in a service environment of salt-Jaden air or 
spray depends heavily on keeping contaminants (iron, nickel, 
copper) below thvir maximum tolerance limits during all 
production operations. 


The hugh purity magnesium die-casting alloy has already 
replaced other metals as well as a number of plastics in a varicty 
of US passenger-car and lightweight-truck components. Examples 
include valve and timing-gear covers, brackets, clutch and 
transferase housings. grille panels, headlamp doors. windshield- 
wiper motor housings. and various interior trim parts. 


Nickel 


Structural applications that require specific corrosion 
resistance or elevated temperature strenyth receive the necessary 


properties from nickel and its alloys. Some nickel alloys are among 
the toughest structural materials known. When compared to steel, 
other nickel alloys have ultrahigh strength, high proportional 
limits, and high moduli of elasticity. Commercially pure nickel 
has good electrical. magnetic, and magnetostrictive properties. 


Common nickel alloy families include: cominercially pure 
nickel; binary: systems, such as Ni-Cu, Ni-Si, and Ni-Mo; ternary 
systems, such as Ni-Cr-Fe and Ni-Cr- Mo; more complex systems, 
such as Ni-Cr-Fe-Mo-Cu (with other possible additions); ind 
super alloys. Nickel content throughout the alloy families ranges 
from 32.5 to 99.5 per cent. 


At cryogenic temperatures, nickel alloys are strong and 
ductile. Several nickel-base super alloys are specified for high 
strength applications at temperatures to 2,000°F. High carbon 
nickel base casting alloys are commonly used at modcrate 
stresses above 2,200°F. 


Alloy Characteristics: Commercial nickel & nickel alloys 
arc available in wide range of wrought and cast grades; however, 
considerably fewer casting grades are available. Wrought alloys 
tend to be better known by trade names such as Monel, Hastelloy, 
Inconel, Incoloy, etc. Casting alloys are identified by Alloy Casting 
Institute and ASTM designations. Wrought & cast nickel alloys 
arc often used together in systems built up from wrought & cast 
components. The casting alloys contain additional elements, 
such as silicon and manganese, to improve castability and 
pressure tightness. 


Commercially pure nickels and extra high nickel alloys: 
Primary wrought materials in this group are Nickel 200 and 201, 
both of which contain 99.5 per cent Ni. The cast grade, designated 
CZ-100. is recommended for use at temperatures above 60U°F 
because its lower carbon content prevents graphitization and 
attendant ductility loss. Both wrought grades are particularly 
resistant to caustics, high-temperature halogens and hydrogen 
halides, and salts other than oxidizing halides. These alloys are 
particularly well suited for tood-contacet applications 
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Dura nickel 301, a precipitation-hardened, 94 per cent nickel 
alloy, has excellent spring properties to 600"F. During thermal 
treatment, Ni3AITi particles precipitate throughout the matrix. 
This action enhances alloy strength. Corrosion resistance is 
similar to that of commercially pure wrought nickel. 


Binary nickel alloys: The primary wrought alloys in this 
category are the Ni-Cu grades known as Monel alloy 400 (Ni-31. 
S$Cu) and K-500 (Ni-29.SCu), which also contain small amounts 
of Al, Fe, and Ti. The Ni-Cu alloys differ from Nickel 200 and 
201 hecause their strength and hardness can be increased by 
age hardening. Although the Ni-Cu alloys share many of the 
corrosion characteristics of commercially pure nickel, their 
resistance to sulphuric and hydrofluoric acids and brine is better. 
Handling of waters, including seawater and brackish water, is a 
major application. Monel alloys 400 and K-500 are immune to 
chloride-ion stress-corrosion cracking, which is often considered 
in their selection. 


Other commercially important binary nickel compositions 
are Ni-Mo and Ni-Si. One binary type, Hastelloy alloy B-2 
(Ni-28Mo), offers superior resistance to hydrochloric acid, 
aluminium-chloride catalysts, and other strongly reducing 
chemicals. It also has excellent high-temperature strength in 
inert atmospheres and vacuum. 


Cast nickel-copper alloys comprise a low high silicon grade. 
M-35-1 and QQ-N-288, Grades A and E (1.5% Si), are commonly 
used in conjunction with wrought nickel-copper in pumps, 
valves, and fittings. A higher silicon grade, QQ-N-288, Grade 
B (3.5%Si), is used for rotating parts and wear rings because 
it combines corrosion resistance with high strength and wear 
resistance. Grade D (4.0% Si) offers exceptional galling resistance. 


Two other binary cast alloys are ACI N-12 M-1 and N-12 
M-2. These Ni-Mo alloys are commonly used for handling 
hydrochloric acid in all concentrations at temperatures up to 
bailing point. These alloys are produced commercially under 
the trade names Hastelloy alloy B and Chlorimet 2. 


Ternary nickel alloys: Two primary wrought and cast 
compositions are Ni-Cr-Fe and Ni-Cr-Mo. Ni-Cr-Fe is known 
commercially as Haynes alloys 214 and 556, Inconel alloy 
600, and Incoloy allay 800. Haynes new alluy No. 214 (Ni- 
16Cr-2.5Fe-4.5Al-Y) has excellent resistance to oxidation to 
2,200°F, and resists carburizing and chlorine-contaminated 
atmospheres. Haynes patented alloy No. 556 (Fe-20Ni-22Cr- 
18Co) combine effective resistance to sulphidizing, carburizing, 
and chlorinc-bearing environments with good oxidation 
resistance, fabricability and high-temperature strength. Inconel 
alloy 600 (Ni-15.5Cr-8Fe) has good resistance to oxidizing 
and reducing environments. Intended for severely corrosive 
conditions at elevated temperatures, Incoloy 800 (Ni-46Fe-21Cr) 
has good resistance to oxidation and carburization at eleyated 
temperatures, and it resists sulphur attack, internal oxidation, 
scaling, and corrosion in many atmospheres. 


A cast Ni-Cr-Fe alloy CY-40, known as Inconc!, has higher 
carbon, Mn, and Si contents than the corresponding wrought 
grade. In the as-cam condition, the alloy is insensitive to the 


type of Intergranular attack encountered in as-cast or sensitized 
stainless steels. 


Significant additions of molybdenum make Ni-Cr-Mo 
alloys highly resistant to pitting. They retain high strength and 
oxidation resistance at elevated temperatures, but they are used 
in the chemical industry primarily for their resistance to a wide 
variety of aqueous corrosives. In many applications, these alloys 
are considered the only materials capable of withstanding the 
severe corrosion conditions encountered. 


In this group, the primary commercial materials are C-276, 
Hastelloy alloy C-22, and Inconel alloy 625. Hastelloy alloy C-22 
{(Ni-22Cr-13Mo-3W-3Fe) has better overall corrosion resistance 
and versatility than any other Ni-Cr-Mo alloy. Alloy C-276 
(57Ni-15.5Cr- 16 Mo) has excellent resistance to strong oxidizing 
and reducing corrosives, acids, and chlorine-contaminated 
hydrocarbons. Alloy C-276 1s also one of the few materials that 
withstand the corrosive effects of wet chlorine gas, hypochlorite, 
and chlorine dioxide. Hastelloy alloy C-22, the newest alloy in this 
group, has outstanding resistance to pitting. crevice corrosion, 
and stress-corrosion cracking, Present applications include the 
pulp and paper industry. various pickling acid processes, and 
production of pesticides and various agrichemicals. 


Two grades of cast Ni-Cr-Mo alloy, ACT CW-12M-1 and 
CW-12M-2, are used in severe corrosion service, often involving 
combinations of acids at elevated temperatures. The two versions 
of CW-12M are also produced as Hastelloy C and Chlorimet. 


Complex Alloys: Ni-Cr-Fe-Mo-Cu is the basic composition 
in this category of nickel alloys. They offer good resistance to 
pifting. Intergranular corrosion, chloride-ion stress-corrosion 
cracking, and general corrosion in a wide range of oxidizing 
& reducing environments. These alloys arc frequently used in 
applications involving sulphuric and phosphoric acids. 


important commercial grades include Hastelloy alloys G-30 
and H, Haynes alluy No. 234, Inconel alloys 617, 625 & 718, and 
Incoloy alloy 825. 


Haynes alloy No. 230 (Ni-22Cr-14W-2Mo) has excellent 
high-temperature strength. oxidation resistance, and thermal 
stability. making it suitable for various applications in the 
aerospace, airframe. nuclear, and chemical-process industnies. 


Hastelloy alloy G-30 (Ni- 30Cr-6Mo-2.5W-1SFe) has many 
advantages over uther metallic and nonmetallic materials in 
handling phosphoric acid, sulphuric acid, and oxidizing acid 
mixtures. Hastelloy alloy H (Ni-22Cr-9Mo-2W-18Fe) in a 
patented altoy with localized corrosion resistance equivalent 
or better to alloy 625. Alloy H also has goud resistance to hot 
acids and excellent resistance to stress: corrosion cracking. It is 
often used in {tlue gas desulphurization equipment. 

Inconel alloy 617 (Ni-22Cr-12.5Co0-9Mo-1.5Fe-t{.2 Al} 
resists cyclic oxidation at 2,000°F, and has good stress-rupture 
properties above 1,800°F. 

Inconel alloy 625 (N1-21.5Cr-2.5Fe-9Mo- 3.6Nb+ Tal has 
high strength and toughness from cryogenic temperatures te 
LAOO°F, good oxidation resistance, exceptional fatigue strength. 
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dnd good resistance to many corrosives. Furnace mufflers, 
electronic parts, chemical and tood-processing equipment, 
and heat-treating equipment are among a tew of the many 
applications for alloy 615. 


Inconel alloy 718 {Ni-18.5Fe-19Cr-3Mo-SNb+Ta) has 
excellent strength from -423 to 1,300°F. The atlov is age 
hardenable, can be welded in the fully aged condition, and has 
excellent oxidation resistance up to 1,800°F. 


Incotloy 825 (42Ni-30Fe-21.5Cr-3Mo-2.25Cu} offers excellent 
resistance to a wide variety of corrosives. It resists pitting 
and Intergranular corrosion, reducing acids. and oxidizing 
chemicals. Applications include pickling — tank heaters and 
hooks, spent nuclear-{ucl-element recovery, chemnical-tank 
trailers, evaporators, food processing equipment, sour-well tubing, 
hydrofluoric-aad production, pollution control equipment, and 
radioactive-waste systems. 


Super Alloys: One class of Ni-based super alloys is 
strengthened by inter-mctallic compound precipitation in a 
face-centered cube matrix. The strengthening precipitate is 
gamma prime. typified by Waspaloy {Ni-19.5Cr-13.5Co-4.3Mo- 
3.0Ti-1.4Al-2.0Fe). Udimet 700 (Ni- 15Cr-18.5Co-5Mo-3.4Ti- 
4.3Al- <1Fe), and the modern but complex Rene 95 (Ni- 14Cr- 
8Co-3.5Mo-3.5W-3.5Nb-2.5Ti-3.5AD. 


Another type of Ni-hased super alloy is represented by 
Hastelloy alloy X (Ni-22Fe-9Mo-22Cr-1.5Co). This alloy is 
essentially solid-solution strengthened, but probably also derives 
some strengthening trom carbide precipitation through a 
working-plus-aging schedule. 


A third class includes oxide-dispersion-strengthened {ODS) 
alloys such as IN MA-754 (Ni-20Cr-0.6vttria) and IN MA-6000 
(Ni-15Cr-2Mo-4W-2.5Ti-4.5Al), which are strengthened by 
dispersions such as yttria coupled {in some cases) with gamma 
prime precipitation {(MA-6000). 


Nickel-based super alloys are used in cast and wrought 
forms, although special processing (power metallurgy/isothermal 
forging) often is used to produce wrought versions of the more 
highly alloyed compositions (U-700, Astroloy, IN-100). 


An additional dimension of Ni-based super alloys has 
been the introduction of grain-aspect ratio and orientation 
as a means of controlling properties. In some instances, grain 
boundaries have been removed. Wrought powder-metallurgy 
alloys of the ODS class and cast alloys such as MAR M-247 have 
demonstrated property improvements due to grain morphology 
control by directional crystallization or solidification. Virtually 
all uses of the cast and wrought nickel-base super alloys are for 
gas-turbinc components. 


Fabrication: Most wrought-nickel alloys can be hot and 
cold worked, machined, and welded successfully. The casting 
alloys can bc machined or ground and many can be welded and 
brazed. 


Nearly am shape that can be forged in steel can alto be 
turged in mekes and nickel alloys However because niche! work 
hardens easily. severe cold forming operations require frequent 


intermediate annealing to restore soft temper. Annealed cold- 
rolled sheet, not stretcher leveled, is best for spinning and other 
manual work. In gencral, cold-drawn rods machine much more 
cleanly and readily than hot-rolled or annealed material. 


Nickel alloys can he joined by shielded metal-arc, gas 
tungsten-arc, gas metal-arc, plasma-arc, clectron-beam, 
oxyacetylene, and resistance welding; silver & bronze brazing; 
and soft soldering. Resistance welding methods include spot, 
seam, projection, and flash welding. 


Special nickel alloys, including super alloys are best worked 
at about 1,800 to 2,200“F. In the annealed condition. these alloys 
can be cold worked by all standard methods. Required forces 
and rate of work hardcning are intermediate between those of 
mild steel and type 304 stainless steel. These alloys work harden 
to a greater cxtent than thc austenitic stainless steels, so they 
require more intermediate annealing steps. 


Both cold-worked and hot-worked Ni-Cu requires thermal 
treatment to dcvelop optimum ductility and to minimize 
distortion during subsequent machining. Stress relieving before 
machining is recommended to minimize distortion after metal 
removal. Stress equalizing of cold-worked Cu-Ni increases yield 
strength without marked effects on other properties. 


Many Hastelloy alloys can be upset forged if the length of the 
piece is no greater than twice its diameter. However, upsetting 
should never be attempted on a cast ingot. Cast ingots must be 
reduced at least 75 per cent before hot upsetting. 


Most wrought nickel-based alloys can be formed from sheet 
into complex shapes involving considerable plastic flow. These 
alloys are processed in the annealed condition. 


Refractory Metats 


Refractory metals are characterized by their extremely 
high melting points, which range well above those of iron, 
cobalt, and nickel. They are used in demanding applications 
requiring high-temperature strength and corrosion resistance. 
The most extensively used of these metals are tungsten, tantalum, 
molybdenum, and columbium (niobium). They are mutually 
soluble and form solid-solution alloys with each other in any 
proportion. These four refractory metals and their alloys are 
available in mill forms as well as products such as screws, bolts, 
studs. and tubing. 


Although the melting points of these metals are all well 
above 4,000°F, they oxidize at much lower temperatures. 
Accelerated oxidation in air occurs at 190°C for tungsten, 395°C 
for molybdenum, and 425°C for tantalum and columbium. 
Thercfore, protective coatings must be applied to these metals 
if they are to be used at higher temperatures. Tensile and yield 
strengths of the refractory metals are substantially retained at 
high temperature. 


Columbium and Tantalum: These metals are usually 
considered together because most of their working characteristics 
are similar. They can be tabricated by most conventional methods 
at room temperature. Heavy sections lor forging can be heated, 
without protection. 1 approximately 425°C, 
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Out of several commercial-grade tantalum alloys, those 
containing tungsten, columbium, and molybdenum generally 
rctain the corrosion resistance of tantalum and provide higher 
mechanical properties. Columbium is also available in alloys 
containing tantalum, tungsten. molybdenum. vanadium, hafnium. 
zirconium, or carbon. Alloys provide improved tensile, vield, 
and creep properlies. particularly in the 1,100 to 1,650°C range. 


Most sheet-mctal fabrication of columbium and tantalum 
is donc in the thickness range of 0.004 to 0.060 in. Columbium, 
like tantalum, can be welded to itself and to certain other metals 
by resistance welding, tungsten inert-gas (TIG) welding and 
to itself by inert-gas arc welding. Electron-beam welding can 
also be used, particularly for joining to other metals. However, 
surfaces that are heated above 315°C during welding rust be 
protected with an incrt gas to prevent embrittlement. 


Principal applications of tantalum are in capacitor anodes, 
filaments, guttering devices, chemical process equipment, and 
high-temperature aerospace engine components. Columbium 
is used in superconducting materials, thin-film substrates, 
electrical contacts, heat sinks, and as an alloying addition in 
steels and super alloys. 


Molybdenum: Probably the most versatile of the refractory 
metals, molybdenum, is also a natural resource of the United 
States. It is an excellent structural material for applications 
requiring high strength & rigidity at temperatures to 3.000°F 
where it can operate in vacuum or under inert or reducing 
atmospheres. 


Unalloyed molybdenum and its principal alloy, TZM. are 
produced by powder- metallurgy methods and by vacuum-are 
melting. Both are commercially available in ordinary mill product 
forms: forging billets, bars, reds, wire, seamless tubing, plate. 
strip, and thin foil. Compared to unalloyed molybdenum. the 
TZM alloy fMo-0.5%T 1-6. 14Zr) develops Eigher strength at 
room temperaterne and much higher stress-rupture and creep 


properties at all elevated temperatures. At 1,800 to 2,000°F, TZM 
can sustain a 30,000-psi stress for over 100 hrs., three times that 
for unalloyed molybdenum. 


Molybdenum and TZM are readily machined with 
conventional tools. Sheet can be processed by punching, stamping, 
spinning, and deep drawing. Some parts van be torged to shape. 
Molybdenum wire and powder can be flame spraved onto steel 
substrates to salvage worn parts or to produce long-wearing. 
low-friction surfaces for tools. 


In non-oridizing environments. the metal resists attack 
by hydrochloric, hydrofluoric, sulphuric, and phosphoric 
acids. Molybdenum oxidizes at high temperatures to produce 
volatile, nontoxic, molybdenum trioxde; however, parts such 
as gimbled nozzles have been used successfully in rocket and 
missile-guidance systems when exposure time to the very-high 
temperatures of ballistic gases was brict. 


Molybdenum parts can be welded by inertia, resistance. 
and spot methods in air: by TIG and MIG welding under inert 
atmospheres; and by electron-beam welding in vacuun The best 
welds are produced by inertia (friction) welding and electrun- 
beam welding; welds produced by the other techniques are less 
ductile. Generally, arc-cast metal develops better welds than do 
powder-metallurgy products. Heavy sections of mohbdenum 
should be preheated and post heated when they are welded to 
reduce thermal stresses. 


Because molybdenum has a modulus of elasticity of 47x106 
Psi at room temperature (20°C), it 1s used tor boning bars and 
the quills for high-speed internal gninders to avoid nibration and 
chatter. Its relatively high electrical conductivity makes unalloved 
molybdenum useful for electnical and electronic applications, [tis 
used in the manufacture of incandescent lamps, as substrates in 
solid-state electronic devices, as electrodes lor EDM equipment 
and for melting glass, and as heating elements and reflectors or 
radiation shields for high-temperature vacuum furnaces. 


Because it retains usable strength at elevated temperatures, 
has a low cocthicient of thermal expansion. and resists erosion 
by molten metals, the TZM allay 1s used for cores in Jie casting 
of aluminium, and for die camties in casting of brass, bronze, 
and even stainless steel. Dies ut the TZM allov weighing several 
thousand pounds are used for 1sulhermal forging of super allov 
components for aircraft gas turbines, and dic inverts made of 
TZM have been used for extruding steel shapes. Piercer points 
of TZM are used to produce stainless-steel seamless tubing. 


Tungsten: In many respects, tungsten 1» similar to 
molybdenum. The two metals have about the xime electrical 
conductivity and resistivity, cuethetent of thermal ¢xpansuon, and 
about the same resistance to corrosion by mineral acids. Both 
have high strength at temperatures above 2.000°F, but because 
the melting point of tungsten 1s higher, it retains signthicant 
strength at higher temperatures than molybdenum dues The 
elastic modulus for tungsten 1s about 25 per cent higher than 
that of molybdenum and its density is almost twice that of 
mulvhdenvm All commercial unalloved hungsten © peaduced 
bi powder metallurgy methods; it is avatdable as reas vires peta 
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sheet, and sume torged shapes. For some special applications, 
vacuum-anc-melted tungsten can be produced, but it is expensive 
and limited to relatively smal! sections. 


Neveral tungsten alloys gre produced by liquid-phase 
sintering of compacts of tungsten powder with binders at nickel 
copper. mn -mckel, iron-copper, or nickel-cobalt-molybdenum 
combinations. tungsten usualiy comprises 85-95 per cent of the 
2lov bv weight. These alloys arc often identified as heavy metals 
o! machinable tungsten alloys. In compact forms, the alloys can 
be machined by tuming, drilling, boning, milling. and shaping: 
they are not available in mill product forms because they are 
unable to be wrought at anv temperature. 


The heavy metal alloys are especially useful for aircraft 
counterbalances and as weights in gyratory compasses. Heavy- 
metal inserts are used as the cores of high-mass military 
proiectiles Tungsten alloys are widely used for counterbalances 
in sports equipment such as golf dubs and tennis racquets. X-ray 
shielding is another important application of the tungsten alloys. 


Filaments for incandescent lamps are usually coils of very fine 
unalloved tungsten wire. Electronic tubes are often constructed 
with tungsten as the heaters: some advanced tubes use heaters 
made trom a tungsten alloy containing 3 per cent rhenium. A 
thermocouple rated to 4,350°F consists of one tungsten wire 
alloyed with 25 per cent henium and another wire alloyed with 
5 per cent rhenium. 


Nozzle throats of forged and machined unalloyed tungsten 
have been used in solid-fuel rocket engines; al one time, 
throats were machined from porous consolidattons of tungsten 
powder that were infiltrated with silver for exposure to gases at 
temperatures near 3.500°C. Unalloyed tungsten is used for X-ray 
targets, for filaments in vacuum-metalizing furnaces, and for 
electrical contacts such as the distributor points in automotive 
ignition systems. Tungsten electrodes torm the basis for TIG 
welding. Water-cooled tungsten tips are used for non-consumable 
electrode vacuum-arc melting of alloys. 


Cutting tvols and parts that must resist severe abrasion 
are often made of tungsten carbide. Tungsten-carbide chips or 
inserts, with the cutting edges ground, are attached to the bodies 
of steel toois by brazing or by screws. ‘The higher cutting speeds 
and longer tool life made feasible by the use of tungsten-carbide 
tools arc such that the inserts are discarded after one use. 


Tungsten-carbide dies have been used for many years for 
drawing wire. Inserts of tungsten carbide are used in rotary 
bits for drilling oil & gas wells and in mining operations. Fused 
tungsten carbide 1s applied to the surfaces of mining machinery 
that is subjected tn severe wear. 


Titanium 


Depending on the preduminant phase or phases in their 
micrustructure, titanium alloys are categorized as alpha, alpha- 
beta, and bets. This natural grouping not only reflects basic 
* tamu productton metallurgy, but it also indicates general 
Fr operye pectuhar toeach tvpe The alpha phase in pure Utanrium 
# Sharscleried Ay & Reaagonaicdose- packed erystaliine sructure 


SC ortirthopeedies 


that remains stable from room temperature to approximately 
1,620°F, The beta phase in purc titanium has a body-centered 
cubic structure, and is stable from approximately 1,620°F to the 
melting point of about 3,040°F. 


Adding alloying elements to titanium provides a wide 
range of physical and mechanical properties. Certain alloying 
additions, notably aluminium. tend to stabilize the alpha phase; 
that 1s, they raise the temperature at which the alloy will be 
transformed completely to the beta phase This temperature is 
known as the beta-transus temperature. 


Alloying additions such as chromium, columbium, copper, 
iron, mangancse, molybdenum, tantalum, and vanadium stabilize 
the beta phase by lowering the temperature of transformation 
from alpha to beta. Some elements, notably tin and zirconium, 
behave as neutral solutes in titanium and have little effect on 
the Iransformation temperature, acting instead as strengtheners 
of the alpha phase. 


Alpha Alloys: The single-phase and near-single-phase alpha 
alloys of tanium have good weldability. The generally high 
aluminium content of this group of alloys ensures good strength 
characteristics and oxidation resistance at elevated temperatures 
(in the range of 600 to 1,100°F). Alpha alloys cannot be heat 
treated to develop higher mechanical properties because they 
arc single-phase alloys 


Alpha-Beta Alloys: The addition of controlled amounts of 
beta-stabilizing alloying elements causes the beta phase to persist 
below the beta transus temperature, down to room temperature, 
resulting in a nvo-phase system. These two-phase titanium alloys 
can be strengthened sigmficantly by heat treatment consisting 
of a quench from some temperature in the alpha-beta range. 
followed by an aging cycle al a somewhat lower temperature. 
Beta-phase transformation, which would normally occur on 
slow cooling. is suppressed by the quenching. The aging cycle 
causes the precipitation of some fine alpha particles from the 
metastable beta, imparting a structure that is stronger than the 
annealed alpha-beta structure. Although heat-treated alpha- 
beta alloys are stronger than the alpha alloys, their ductility 1s 
proportionally lower. 


Bela Alloys: The high percentage of beta-stahilizing elements 
in these alloys results in a merostructure that is substantially 
beta The metastable beta can be strengthened considerably by 
heat treatmest 
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Titanium is used in corrosive environments or in applications 
that require light weight, high strength-to-weight ratio, and 
nonmagnetic propertics. While commercially available in many 
alloys, most requirements can be met by a grade of commercially 
pure titanium, titanium-0.2% palladium alloy, or by the high- 
strength Ti-Al-V-Cr (beta type) alloys. These grades, which 
arc available in most common wrought mill forms, are covered 
by ASTM-AMS specifications and, in most cases, by a similar 
ASME specification. 


Beta-21S is a new beta alloy developed as an oxidation: 
resistant aerospace malcrial and as a matrix for metal-matrix 
composites. 


Composition is Ti-15Mo-2.7Nb-3Al-0.2Si, with molybdenum 
and niobium working synergistically to raise corrosion resistance 
to very high levels. It also offers one of the lowest hydrogen 
uptake efficiency levels of any titanium alloy. The combination 
of high strength and high corrosion resistance makcs it an ideal 
candidate for orthopedic implants, deep sour oil wells. and 
geothermal brine wells. 


Like stainless steel, titanium sheet and plate work harden 
significantly during forming. Minimum bend-radius rules are 
nearly the same for both, although spring back is greater for 
litanium. Commercially pure grades of heavy plate are cold 
formed or, for more severe shapes, warm formed at temperatures 
to about 800°F. Alloy grades can bc formed al temperatures 
as high as 1,400°F in inert-gas atmospheres. ‘Tube can be cold 
bent to radii three times the tube OD, provided that both inside 
and outside surfaces of the bend are in tension at the point of 
bending. In some cases, tighter bends can be made. 


Despite thcir high strength, some alloys of titanium have 
super plastic characteristics in the range of 1,500 to 1,700°F. The 
alloy used for most super plastically formed parts is the standard 
Ti-6Al-4V alloy. Several aircraft manufacturers are producing 
components formed by this method. Some applications involve 
assembly by diffusion bonding. 


Titanium plates or sheets can be sheared, punched, or 
perforated on standard equipment. Titanium and Ti-Pd alloy 
plates can be sheared, subject to equipment limitations similar 
to those for stainless steel. The harder alloys are more dithicult 
to shear, so thickness limitations are generally about two-third 
those for stainless stcel. 


Titanium and its alloys can be machined and abrasive 
ground; however, sharp tools and continuous feed are required 
lo prevent work hardening. Tapping is difficult because the metal 
galls. Coarse threads should be used where possible. 


Titanium castings can be produced hy investment or 
graphite-mold methods. Casting must be done in a vacuum 
furnace, however, because of the highly resctive nature of 
titanium in the presence of oxygen. Typical applications for 
titanium castings are surgical implants and hardware for marine 
and chemical equipment such as compressors and valve bodies. 


Generally, titanium is welded by gas- tungsten arc (GTA) or 
plasma-arc techniques. Metal inert-gas processes can be used 


under special conditions. Thorough cleaning and shielding are 
essential because molten titanium reacts with nitrogen, oxygen. 
and hydrogen, and will dissolve large quantities of these gases, 
which embrittles the metal. In all other respects, GTA welding 
of titanium is similar to that of stainless steel Normally, a sound 
weld appears bright silver with no discolouration on the surface 
or along the heat-affected zone. 


Zirconium 


In addition to resisting HCI at all concentrations and at 
temperatures above the boiling temperature, zirconium and 
its alloys also have excellent resistance in sulphuric acid at 
temperatures above boiling and concentrations to 70 per cent. 
Corrosion rate in nitric acid is less than } mil/year at temperatures 
above boiling and concentrations to 90 per cent. The metals also 
resist most organics such as acetic acid and acetic anhydride 
as well as citric, lactic, tartaric, oxalic, tannic, and chlorinated 
organic acids. 


Relatively few metals besides zirconium can be used in 
chemical processes requiring alternate contact with strong acids 
and alkalis. However, zirconium has no resistance to bydrotluoric 
acid and is rapidly attacked, even at very low conceotrations. 


Zirconium alloys can be machined by conventunal methods. 
but they have a tendency to gall and work harden during 
machining. Consequently, tools with higher than normal 
clearance angles are needed to penetrate previvusly work- 
hardened surlaces. Results can be satisfactory, however, with 
cemented carbide or high-speed steel touls. Carbide tools usually 
provide better finishes and higher productivity. 


Mill products are available in four principal grades: 702, 74, 
705, and 706. These metals can be formed, bent, and punched un 
slandard shup equipment with a few mudifications and special 
(techniques. Grades 702 (unalloyed) and 704 (Ze -Sn-Cr-Fe alloy) 
sheet and strip cao be bent on conventional press-brake or roll 
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forming equipment to a 5t bend radius at room temperature 
and to 3t at 200°C. Grades 705 and 706 {Zt-Cb alloys} can be 
bent to a 3t and 2.5t radius at room temperature and to about 
1.5t at 200°C. 


Zirconium has better weldability than some of the nore 
common construction metals including some alloy steels and 
aluminium alloys. Low distortion during welding stems from 
a low coefficient of thermal expansion. Zirconium is most 
commonly welded by the gas-tungsten arc {(GTAW)} method, 
but other methods can also be used, including gas metal-arc 
{GMAW), plasma-arc, electron-beam, and resistance welding. 


Welding zirconium requires proper shielding because of 
the metal’s reactivity to gases at welding temperatures, Welding 
without proper shielding (argon or helium) causes absorption of 
oxygen, hydrogen, and nitrogen from the atmosphere, resulting 
in brittle welds. Although a clean, bright weld results from the 
use of a proper shielding system, discolouration of a weld is not 
necessarily an indication of its unacceptability, However, white 
deposits or a black colour in the weld area are not acceptable. 
A bend test is usually the best way to determine acceptability 
© of a zirconium weld. 


Major uses for zirconium and its alloys are as a construction 
material in the chemical-processing industry. Applications include 
heat exchangers (for producing hydrogen peroxide, rayon, etc.), 
drying columns, pipe & fittings, pump & valve housings, and 
reactor vessels. 


Summary & Conclusion 


Non-ferrous metals such as copper, brasses, bronzes, 
aluminium, magnesium, nickel, chromium, titanium, lead, tin, 
zinc, gold, silver, platinam, the refractory metals, and their alloys 
are used in a wide variety of applications; each requiring specific 
characteristics. Metals such as aluminium and magnesium, for 
example, tend to be high-strength, lightweight, and corrosion- 
resistant. They offer advantages over other metals in applications 
which depend on their unique properties. Refractory metals 
are chosen for their high heat resistance. They retain their 
properties at elevated temperatures. The precious metals are 
chosen for their luster in applications such as coinage and 
jewelry. Additionally, they may be used in electrical conductors, 
contacts, and biocompatible applications. 


Some of these metals are chosen to plate other metals 
such as nickel, chromium, and zinc which are used to provide 
a resistant outer shell. Copper is an excellent conductor and 
used in applications which require high conductivity. Its alloys, 
brasses and bronzes, are typically alloyed for specific purposes. 


Aluminium is the third most abundant element in the 
earth's crust, behind silicon and oxygen. It is the most abundant 
metal. Aluminium is strong, lightweight, electrically- and 
thermally-conductive, and corrosion resistant. These properties 
can be enhanced through alloying, It is often anodized to help 
prevent corrosion. 


lts electrical conductivity makes it an excellent choice for 
electrical applications such as wiring and conductors. ls strength- 


to-weight ratio makes it attractive in structural applications as 
well as cast alurninium engine components, e.g. blocks, heads, 
and manifolds. Its high reflectivity of infrared and visible 
radiation makes it desirable in headlights, light fixtures, and 
many insufations. It is also used as a paint pigment. 


Copper has been used in various applications for centuries. It 
generally finds applications requiring high thermal and electrical 
conductivity. For example, the thermal conductivity of copper is 
almost ten times greater than ordinary steel. Therefore, it finds 
use as kitchen products, wiring & electrical applications, piping 
& tubing, and other such uses. 


Alleys of copper and zinc are termed brasses. Zinc is 
added to improve the strength and ductility of the alloy. There 
are many formulas for brasses which include other alloying 
elements than copper and zinc. Brass is used in decorative metal 
products, cartridge cases, piping and tubing, and many of the 
same application as copper. 


Bronze is an alloy of copper and any other metal. As with 
brasses, there are many formulas for bronzes, depending on 
the application. Aluminium bronzes, tin bronzes, phosphor 
bronzes, nickel bronzes, and silicon bronzes are all examples 
of varying allovs. The principal alloying element determines 
the nomenclature. Bronzes are used in applications such as 
bearings, some limited structural applications, decorative uses. 
and applications which require them not to spark when struck 
with another metal. This makes them useful in the transport 
and handling of items such as explosives, fuels, and flammable 
materials. Bronzes are often used in statues and can be seen to 
form the familiar green oxidized coating. 


Magnesium is a light material, lighter than aluminium, 
derived primarily from seawater. Magnesium is a very active 
metal and, when burned, gives off an intense heat and light. 
It is used as an alloving element in steels and in applications 
which require high strength-to-weight ratios, such as extension 
ladders, aircraft, space vehicles, power tools, and similar 
applications. 


Chromium is offen used in decorative and corrosion- 
resistant coatings. It is a major alloying element in many steels, 
especially stainless steels. It is used to provide a tough, wear- 
resistant, corrosion-resistant, decorative surface. 


Nickel is used as a plating material. It polishes to a high 
luster. It offers a wide working temperature range. It is also 
used as an alloying element for other materials, such as steels 
and bronzes. Nickel is also used in magnets, heating elements, 
thermocouples, and rechargeable batteries. Nicke} and nickel 
silver are used in jewelrv and coins. 


Gold, Silver & Platinum are generally termed the precious 
metals due to their cost/value and use in coinage and jewelry. For 
example, the $20 gold piece at one time contained $20 worth of 
gold. Today, coins are used to represent the face value and are 
made from Jess expensive materials. Gold, silver, and platinum 


are used as plating materials, They offer good conductivity and 
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corrosion resistance. Gold and silver are too soft to be used ina 
pure form and are often alloyed with copper, nickel, or platinum 
to increase their strength. Gold and silver have been used for 
dental caps, crowns, and fillings. 


Silver also finds application in photographic films and 
papers. At one time, it was used to plate mirrors. It is now used 
in the manufacture of photo chromatic lenses. Photo chromatic 
lenses darken when exposed to ultraviolet light. Silver is also 
used in brazing alloys and long-life batterics. Silver fulminate 
(Ag2C2N20)) is used as an explosive. Silver and silver compounds 
are found in many creams, ointments, and salves used for 
medicinal purposes. Silver iodide has been used to seed clouds 
to make rain. 


Platinum is found in a group of six metals extracted from 
nickel ores - iridium, osmium, palladium, rhodium, ruthenium, 
and platinum. Of these, platinum has the most widespread 
application. It is used in corrosion-resistant coatings, as a catalyst 
for chemical reactions, high-resistance furnace wire, and in 
catalytic converters. A large percentage of platinum is used in 
laboratory equipment, medical instruments, and fine jewelry. 
Platinum is more expensive per pound than gold. 


Refractory metals have melting temperatures above 3600 
degrees Fahrenheit (2000 degrees Celsius). Some of these 
approach 6200 degrees Fahrenheit (3500 degrees Celsius). 
They include such metals as iridium, o$mium and ruthenium, 
in addition to chromium, columbium, hafnium, molybdenum, 
niobium, rhenium, tantalum, tungsten, and vanadium. They find 
application where high temperature stability is required. For 
example, furnace coinponents, high speed tools, temperature- 
measuring devices and components, aircraft components and 
space vehicle shields. These metals also find application in 
electrical devices such as capacitors and rectifiers. 


Titanium is lightweight and strong. It is an important 
metal for the aerospace industry which requires high strength 
under extreme conditions. It is also used in the medical field 
for instruments and artificial joint replacements. Titanium is 
also used as a pigment in paints. 


White metals include antimony, bismuth, cadmium, 
lead, tin, and zinc. Of these, lead, tin, and zinc are of pnmary 
interest. 


Lead has been used for centuries for plumbing and plumbing: 
related uses, such as solders, pipe, and fittings. It is easily formed 
with low heat, corrosion resistant, and ductile. One primary 
use of lead in the past was as a pigment in lead-based paints. 
Another prior use for lead was as an octane booster in gasoline 
as tetraethyl lead. Modern paints and fuels do not contain tead. 
Lead has been identified as a health hazard and found to be toxic 
to animals and humans. L ead is used in storage batteries where 
the battery plates contain high percentages of lead. Duc to its 
high density, ras also used as radistion shielding 


Tin is 3 major compenent af solders and pewter Ras abso 
ted as both an alles ing clement and pute Maternal fir te « 


major alloy of many copper products. It is used to plate other 
metals due to its corrosion resistance. 


Zinc is commonly used as a plating material for steels. This 
product is termed galvanized steel. It is the familiar grayish 
coating seen on products such as nails and sheets. It 13 alo 
used in die castings (such as die-cast children's toys, carburetor 
bodies, and pump housings) and as an alloying clement in non- 
ferrous metals. Zinc oxide is used in paints, glass, cements, and 
medicines. 


Finally, antimony, bismuth, and cadmium are inctuded in 
“white” metals. Antimony is used in solders and as an alloying 
element in non-ferrous metals. The same may be said for bismuth 
which has the lowest thermal conductivity of any metal except 
mercury. Cadmium is used as a plating material, as 3 component 
of rechargeable batteries (Nickel-cadmium batteries), and as 
a neutron absorber in contro! rods for nuclear power plants. 
Zirconmum is also used in nudear reactor structures and fuel 
shielding duc to its low neutron absorption. 


References 


1. Fahlman, Bradicy D. (2011-03-18). Materials Chemistry 
(22d edition.). Dordrecht {u.a.]: Springer. ISBN 978-94- 
007-0692-7. 


Non-ferrous Metals, Engineers Handbook, 25 October 2011. 


3. Gupta, R. C. (2010). Theory and Laboratory Experiments 
in Ferrous Metallurgy, New Delhi: PHI Learning Private 
Lid. p. 6. ISBN 978-81-203-3924-8. 


4. Commonly Recycled Metals and Their Sources, Occupational 
Safety and Health Administration, 27 October 2011. 


1~ 


5. Young, Courtmey A. ed. (2008). Hydrometallurgy. 2008: 
Proceedings of Sixth International Symposium (1 Ed.). 
Littteton, Colo.: Society for Mining, Metallurgy, and 
Exploration, p. 416 ISBN 978-0-87335-266-6. 


6. Chapter 22 - Metal Processing & Metal Working Industry, 
Fncyclopedia uf Occupational Health and Safety, 4® Edition, 
26 October 2011. 


7. Non-Ferrous Metals. Bureau of International Recycling, 26 
October 2011 


&. Department of the Environment Industry Protile: Waste 
Kecychng. Treatment and Disposal Sites. Environment 
Agency, 27 October 2011. 


9. Robert Noyes (19931, Pollution Prevention Texhnotogy 
Hand Ronk. Noves Publications. ISBN 978-O815513117. 


10. McNed ed dan (1990), Encyclopedia of the History of 
Technology. Fondon Routledge pp. 47-66. ISBN 978-0- 
203 19211 5. 


H. barbe. Re OTH Maudie ain Anctemt Technology, Volume 
4. Valunns tot BERND p16 ISBN CN wd elev -r. 
12. Nen Ferravas et Applications. Ad Mets 8  erge Groups. 


. 


LE 


@ Source: Metal Asia, December 201°, Special Issue. pp?-26 
" OO 


| 0 


Digitized by srujanika@gmail.com 
F. 1 é 


Digitized by srujanika@gmail.com 


Strategy for Development of Mineral Based Industries in Odisha 


Development of Titanium Based Industries 


181 


Digitized by srujanika@gmail.com 


Digitized by srujanika@gmail.com 


Strategy for Development of Mineral Based Industries in Odisha 


Jight Metahs 20414 
Eefined Fi Jobat Gr andticeid 
TMS (Thr Minersh, Heth & Maserieh Socierys. 1014 


RECOVERY OF ‘FITANHIM OXIDE FROM UNDIGESTED SAND OF AN INDIAN ALL MINA REFINERY AND 
PREPARATION OF VALUE ADDED TITANIUM CARBIDE 


| !B.K.  fohapatra, 'S.K.Singh. °C.R. Mishra and ‘B.K. Mishra 
| ‘Tnstitute of Mincrals and Materials Technology, Bhubaneswar-75 1013, Odisha, Indte 
* Institute of Advanced Technology and Environmental Studies, 80A-83A, Lewis Road, Bhubancsw ar-~S JiM12. CWlisha. India 


Keywords. Bauxite, Alumina. Undigested Sand, Plasma proxessing. Titanium Carbide 


Abstract 


During the proces of atumina production through Baver’s 
process. around (0% of unwanted gangue is rejected as 
‘undigested sand’ and ‘Red Mud’. This industrial waste material 
poses environmental and disposal problems. Aluminum oxide 
constitutes only 38 te 60“. of baunite ore. The rest is made up of 
FeO. SiO» TiO; and some other metallic oxides. After 
dissolution of alumina in caustic sexla, these impurities remain in 
stspended form which is separated out as undigested sand and 
subsequently as red mud. Cut of these metal oxides. around 8 10 
25% of titanium oxidc i» lost in to this waste. Titanium enidc. 
present as rutile and ilmenite in the undigested sand. was 
processed through Wilfley table. A concentrate containing 28% 
TiOs with 47.31% recovery was obtained. This concentrate was 
subjected to sinelting with activated carbon in an extended arc 
plasma reactor. Titamum carbide was formed as a tused mass 
within § minutes. 


Introductinn 


Around 3 MT of bauxite ure i> processed in the alumina refinery 
employing the ume tested Bayer's process. tw produce 
approximately { MT of alumina. Durning the process of alumina 
production about 6", of unwanted gangue is rejected as 
‘undigested sand” and “Red Mud’. Out ef total quantity of 200- 
300 Million tonne per year (Mtpy) of red mud generated in the 
world. India accounts tor about 2Mipy. This mdustrial wiiste 
matcrial poses tremendous environmental and disposal problems. 
With the anticipated expansion uf alumina fndustry in the country. 
Jndian alunvna plants have to very soon dispose off over 6 Mt of 
this red mud every vear. 


Aluminium oxide from which aluminium metal is extracted. 
constitutes only 28 to Ato of bauxite ore. The rest is made up of 
Fe:O.. SOs. TiO and several other metallic oxndes. Aficr 
dissolution of alumina in caustic sod. these impurities remain im 
suspended form which 1s separated out after being washed and 
then pumped as slurry to the nearby Red Mud pond. During 
Bayer's process. all aluming content present in bauuie ts not 
nvovered and appreciable quantity of alumina goes inte the red 
mud atong with other yaluable metals. Though some studies have 
been undertaken by other rescatehers to recever metal vatues from 
red mud, they are not ceonsidcied economically viable Howerer, 
the undigested sand that constitutes around 20°. of the refinery 
feieets is reported te conten Ronaeen S25 Bi and some other 
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This paper describes the detailed bencticiativn technique adopted 
fo recover frignium value from undigested sand and discusses the 
processing of Titanium oxide pretomentrak to smelting mn an 
extended arc plasms ieactor for production of value added 
Titanium carbide. 


Materials and Methnds 


Representative undigested samt sample was collected fhm an 
Indian alumima refinery. For processing of undigested wand. 
around 3 kg (unclassified) of the matertal was directie treated on 
the Wilfles Table at ditTerent angles The effect of particle size. 
classification, wash water. deck length cic. on the Waliley table 
was studied during the table operation. Another 18 kg otf the same 
sample was further clawitied at 100 nucrots. Phe operational 
conditions for tabling of - {00 micron trachon were sane a> the 
unclassified sample. The operating parameters for tabling of -H0 
imcrons fraction on stuns tabie were Hmm strobe tength, 1- 
degree angle and 4 Hters por minute of wash tater. 


Mineralogical analysis was undertaben by Philips XRD and Lentz 
uptical microscope. The micro-chemical composition of feed and 
proccssed product was determined by Teo! mabe Fieciron Probe 
Micro Analyser EPMA, IX A-N OU} 


The beneficiated Te-nich comentrate was subjected te plasma 
~melting with appropnate amount of activated carbon. Befure 
plasma treatment. the concentraie Was fincly ground and mixed 
with activated carbon thoroughly for better ainterastion, Finally. 
the mixture was pelletized using Pols Vans Alcebel 4+ the binder 
and dried. The plasma treatment was taken up in an indigenously 
designed SO AW DC por tiMhpe extended are thermal plasma teactor. 
The plasma reactor essebttally consists af. Ga a top graphite 
electrode thmugh which the argon gas is nitroduced tw the reactor 
through the ana holes in the top ofevtrade (1 a graphite crucible, 
which forms the hortom electrode 


Resutts and Discussion 
Mineralogy 
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sanning electron microscopes are thnemte and Zircon along with 
rune ~tllimanite. mica, goethite and kaolnmite booklets Rutile 
3ppears either needle Hike or platy while mente exhibits 4 subs 
hedra? tom Beth these ervsialds exhibit tanning amd gereratlls 
execu sn free dependent stale 


Dig Nera diffraction pattems of bulk undigested sand 
fe Goothite. HE Hemanne: R Rule} 


Predominance of nstle ain -3(M1- J(Mmuiran size fraction is evident 
trom XRD pattem As ahmennte in the sample 1s present in minor 
amount. ne reflection peak appears in XRD pattem. Howeser. 
presence of both these phases 19 clearly indicated from their 
cumpositiongl map (Fig.2) 


Physica! Beneficiation 


The bulk feed sample when processed through a Table. a product 
containing 3K.K°“n TIO: with 47.23% recovery was obiained at 4 
deck gngle orf 3 degrees. Sines the sanple contains very tess 
vinount of finer panicles. it was possible te gel a good grade 
matenal al « deck angle of 1.5 degrees. wash water mate of 2.5 10 3 
Titers per minute and a stroke length of 10 mm. Table $ shows the 
1spical result obisined by beneliciating the undigested sand 
sample using Wolfley table 


Table 1: Tabling studies results fn “ob of undigested sand 
(Deck angle 1.5 degree. © solid 10, wash water 2 5 liramin.) 
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In tax of classified -H0v 1nigron frachons 8.46 wit; a high 
wieght percent of raygher concentrate was collected followed hy 
clvaning the same te obiain a clearer concentrate aswving 27.20“. 
HU having 33.96%. FesU, with a recovers of 25,79" weight 
mervent, Hawerer. an ease of + M4 micron fractions [a $4 ut" .! 3 
coreenicale angiy ie 41 75% TiO. ard 53.705 Pes. 10 29 68" 
weg eve en vor oelited (able 2). This operation met od 
nee ents Wh ass ied ater Pineral bat advo the cueing of 
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Table 2 Tabliny studies of size classified resulis (in Ya) of 
umhygested sand 
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A ingh weight percent of rough concentrate was obtained by 
incereasing the deck angle. Noo significant improvement with 
rspeet fo tania geude was achieved by cleaning the rougher 
concentrate and Agilings. Simularly, increasing the collection 
length marked no improvement. Table 3 shows the summary of 
grade and TiO recovery of Tabling study. 


Table 3: Summary of the tabling studies on Til): recovery 


* Grode% 


5 WeightSs 


H 
t 
T 


Recovery 
% 


Classification 
technique 


The light fraction {tsilings) is mostly enriched in hematite. 
goethite and quartz. The magnitude of XRD peak diagnostic of 
nnile mereases in heavy Iaction (Concentrate) as compared to the 
bulk Feed sample (Fig. 21, The unrecovered Ti values (4 to $“) in 
the tailings was duce to the presence af some minute tlmenite 
flakes and rutile needles which got escaped during tabling 
operation eventually due to their typical morphology. 
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Fig. 3: XRD pattem of Beneficiaed Plan Sand 
[R: Rutile; S: Sslimamite: 1: Hmenite: Z: Zircon: H: Hematite] 


Titanium Carbide Preparation 


The oven dried Ti-nch pelle were directly charged snto graphite 
hearth of the extended hearth plasma reselor. The plasma 
processed product was ovbwined in the form of fused mass and 
some powder. The polished surface of tused mass show small 
grains of Ti-C distributed within a homogenous Fe-nch matrix. 
Theses grains arc generally globutar in shape. vary in size 
beiween 5 and 30 microns, pink in colour and show relatively 
high relief. X-ray diffraction pattem (Fig4) and compositivnal 
maps (Fig.5S) confirm both tamum and Fe-rich phase. 
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Fig. 4: XRD pattern of Plasma Processed Sample 
(TiC: Titamum Carbide: Fe; Iron] 
୮୩ A! ’ a 


The fused mass was ground in the HERZOG Swing Mill Grinder 
HSM 10 for § minutes. Phe tine powder was then subjected tw 
acd leaching to hbiherate TiC The acid leaching has heen find 
ellectne in removing the Fe from TiC as seen in rts XRD pattem 
(hig.6) and composmonal map (Hig.?). Howerer. the sddstonal 
csrhon shown in XRD can be removed thnvugh katt media 
separation The TiC thus produced from undigested sari matches 
well with the XRD pattem of commercrat product 
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Fig.6: XRD pattern of Acud Leached Sample 
[FiC: Titanivin Carbide: C: carbon] 


Fig.7: Composniongl map of avid Icach simpie showing Di. ¢ 


Conctusions 


The undigested sind fom an alu refinery pant contens 
significant Gamam evde (TO; 10%) value, contnbuied by rutile 
and ilmenite. Fe mmneral eosponsible for as signet Valty Ge 
appear in tree and independent sete Studies Wete camed ou: bi 
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with 4723 recovery wags oblamed, However the gee 
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ABSTRACT 


Alumina is produced from khondalite hosted bauxite of Indian origin in the Alumina refinery 
employing the time tested Bayer's Process. When 2.4 MT of bauxite per annum is processed in a 
refinery, it produces approximately 0.8 MT of alumina. During the process of alumina production, 
about 60% of unwanted gangue is rejected as ‘undigested sand’ and ‘Red Mud’. Out of total 
quantity of 70 Million tonnes per year (Mtpy) of red mud in the world, India accounts for about 2 
Mepy. This industrial waste material poses tremendous environmental and disposal problems. 
With the anticipated expansion of alumina Industry in the country, Indian alumina plants have to 
dispose of over 5 Mt of this red mud every year. Aluminium Oxide constitutes 38 to 60% of 
bauxite ore. The rest is made up of Fe,O,, SiO,, TiO, and other metallic oxides. After dissolution 
of alumina in caustic soda, these impurities remain in suspended form which is separated out as 
undigested sand and subsequently as red mud. Out of these metal oxides, around 8 to 25% of 
Titanium Oxide is lost in to this waste. Titanium Oxide is invariably present as rutile and ilmenite 
in the undigested sand. This Titanium Oxide phases were processed through cost effective 
beneficiation technique. A concentrate containing 38% TiO, with 47.30% recovery was obtained. 


This paper while enlisting the extent of various metal values disposed as rejects (undigested sand 
and red mud), describes the detailed beneficiation technique to recover Titanium value from 
undigested sand and discusses the processing of -Ti-rich concentrate to smelting with activated 
carbon in an extended arc plasma reactor and production of Fe-TiC composite as a fused mass 
within 5 minutes. After grinding and leaching, TiC powder was obtained and it was found to be 
comparable with the commercial grade Titanium Carbide. 


Key words: Bauxite, Alumina Refinery Rejects, Undigested Sand, TiO; -Beneficiation, 
TiC 


1.0 INTRODUCTION 


In an alumina refinery, around 3 MT of bauxite ore is processed to produce approximately | MT 
of alumina employing the time tested Bayer’s process. During the process of alumina production 
about 60% of unwanted gangue is rejected as ‘undigested sund’ and ‘Red Mud’. India accounts 
for about 2 Million tonne per year (Mitpy) of red mud out of total quantity of 200-300 Mipy 
generated in the world. This industrial waste material poses tremendous environmental und 
disposal problems. Indian alumina plants have to very soon dispose off over 6 Mt of this red mud 
every year due to its expansion programme. 
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In a bauxite ore, aluminium oxide, from which aluminium metal is extracted, constitutes only 38 
to 60%. Other phases are FeO. SiOs, TiOs and some other metallic oxides. After dissolution of 
alumina in caustic soda. these impurities remain in suspended form which is separated out after 
being washed and then pumped as slurry to the nearby Red Mud pond. All alumina content 
present in bauxite is not recovered during Bayer’s process and appreciable quantity of alumina 
goes into the red mud along with other valuable metals. Attempts have been made by others to 
recover metal values from red mud but they are not considered economically viable. However, 
the undigested sand that constitutes around 20% of the refinery rejects is reported to contain 
between 8-25% TiOs> and some other metal values which may be recovered in view of their 
scarcity and significance and processed for value addition. Rao et al [1] have reported the 
characteristics of undigested sand rejects from the Nalco refinery, Damanjodi, Odisha. India. 
Limited attempts have becn made by some researchers on the characterisation of red mud sludge 
from this refinery [2-5]. 


This paper describes the physical beneficiation methods adoptedfor recovery of Titanium Oxide 
from undigested sand of an Indian Alumina Refinery and discusses the processing of Titanium 
oxide pre-concentrate to smelting in an extended arc plasma reactor for preparation of Titanium 
Carbide. 


2.0 MATERIALS AND METHODS 


Around 15 kg of representative undigested sand sample was collected from an Indian alumina 
refinery. Half of the sample was directly treated on the Wilfley Table at different angles. The 
effect of particle size, classification, wash water, deck length etc. on the Wilfley table was studied 
during the table operation. Other half of the sample was classified at 100 microns. The operational 
conditions for tabling of +100 micron fraction were same as the unclassified sample. The 
operating parameters for tabling of 100 microns fraction on slime table were 1omm stroke length, 
1-degree angle and 4 liters per minute of wash water. 


Philips XRD and Leitz optical microscope were used to identify the mineral species. The micro- 
chemical composition of feed and processed product was determined by Jeol make Electron Probe 
Micro Analyser [EPMA, }XA-8100). 


The processed Ti-rich concentrate was subjected to plasma smelting with appropriate amount of 
activated carbon. Before plasma treatment, the concentrate was finely ground and mixed with 
activated carbon thoroughly for better interaction. Finally, the mixture was pelletized using Poly 
Vinyl Alcohol as the binder and dried. The plasma treatment was taken up in an indigenously 
designed 50 kW DC pot type extended arc thermal plasma reactor consisting of: (i) a top graphite 
electrode through which the argon gas is introduced to the reactor through the axial holes in the 
top electrode (ii) a graphite crucible, which forms the bottom electrode. 


3.0 RESULTS AND DISCUSSION 


3.1 Mineralogy 


The undigested sand sample is black to brick red in colour. The sample is termed as undigested 
sand or plant sand in view at irs appearance like sand sized grains. Alumina, iron and Ti-rich 
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phases are the major constituents of undigested sand. Approximately 14 volume % of Ti-phase is 
present in the present undigested sand. XRD pattern shown in Fig. 1 reveals the undigested sand 
to be composed predominantly of hematite, rutile and goethite. Hematite and goethite are 
distributed in all size ranges. Other minor minerals recognized under reflected light microscope 
and scanning electron microscopes are ilmenite and zircon along with rare sillimanite, mica, 
goethite, gibbsite and kaolinite booklets. Rutile appears either needle like or platy while ilmenite 
exhibits a subhedral form. Both these minerals occur in free independent state. 


Usigested sand 
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Fig.1: X-ray diffraction patterns of bulk undigested sand 
[Go: Goethite; H: Hematite; R: Rutile] 


Predominance of rutile in -300+100miron size fraction is evident from XRD pattern. As ilmenite in 
the sample is present in minor amount, no reflection peak appears in XRD pattern. However, 
presence of both these phases is clearly indicated from their compositional map (Fig.3). 


3.2 Physical Beneficiation 


When the bulk sample was processed through a Table, a product containing 38.87% TiO, with 
47.23% recovery was obtained at a deck angle of 3 degrees. It was possible to get a good grade 
material at a deck angle of 1.5 degrees, wash water rate of 2.5 to 3 liters per minute and a stroke 
length of 10 mm as the sample contains very less amount of finer particles. Table 1 shows the 
typical result obtained by beneficiating the undigested sand sample using Wilfley table. 


Table 1: Tabling studies results (in %) of undigested sand 
(Deck angle 1.5 degree, % solid 10, wash water 2.5 Itr/min.} 
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In case of +100 micron fractions [81.54 wt%] a concentrate analyzing 41.75% TiO, and 53.70% 
Fe,O, in 29.68% weight recovery was obtained (Table-2). However. in case of classified -100 
micron fractions [18.46 wt%]} a high weight percent of rougher concentrate was collected follow ed 
by cleanmg the same to obtain a cleaner concentrate assaying 37 30’ tit having 5306 Fe (OD 
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with a recovery of 25.79% weight percent. This operation removed both associated iron mineral 
and coating of alumina on the surfaces of the intermediates and fines. The performance in this 
route is much superior to that of any other conventional beneficiation techniques. A high weight 
percent of rough concentrate was obtained by increasing the deck angle. No significant 
improvement with respect to titania grade was achieved by cleaning the rougher concentrate and 
tailings. Similarly, increasing the collection length marked no improvement 


Table tailing mostly constitute hematite, goethite and quartz. The magnitude of XRD peak 
diagnostic of rutile increases in the concentrate as compared to the bulk feed sample (Fig.2). The 
unrecovered Ti values (4 to 5%) in the tailings was due to the presence of some minute ilmenite 
flakes and rutile needles which got escaped during tabling operation eventually due to their 
typical morphology. 


Table 2: Tabling studies of size classified results (in %) of undigested sand 


AL,O,% $i0,% TiO, 
Recovery 
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Fig. 2: XRD pattern of Beneficiated Plant Sand 
[R: Rutile; S: Silimanite; I: lImenite; Z: Zircon; H: Hematite] 
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Fig. 3: Compositional map of beneficiated plant sand showing Ti-rich minerals 


4.0 PREPARATION OF TITANIUM CARBIDE 


The oven dried Ti-rich pellets were directly charged into graphite hearth of the extended hearth 
plasma reactor. The plasma processed product was obtained in the form of fused mass and some 
powder. The polished surface of fused mass show small grains of Ti-C distributed within a 
homogenous Fe-rich matrix. Theses grains are generally globular in shape, vary in size between 5 
and 30 microns, pink in colour and show relatively high relief. X-ray diffraction pattern (Fig.4) 
and compositional maps (Fig.5) confirm both titanium and Fe-rich phase. 
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Fig. 4: XRD pattern of Plasma Processed Sample 
TiC: Titanium Carbide: Fe: Iron! 


er — 


te [| I) [fp rr 


Digitized by srujanika@gmail.com 


Strategy for Development of Mineral Based Industries in Odisha 


ke ee 


Fig.6: XRD pattern of Acid Leached Sample 
[TiC: Titanium Carbide; C: carbon} 


Fig. 7: Compositional map of acid leach sample showing Ti, Fe and C. 
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The fused mass was ground in the HERZOG Swing Mill Grinder HSM 100 for 5 minutes. The fine 
powder was then subjected to acid leaching to liberate TiC. The acid leaching has been found 
effective in removing the Fe from TiC as scen in its XRD pattern (Fig.6) and compositional map 
(Fig.7). However, the additional carbon shown in XRD can be removed through heavy media 
separation. The TiC thus produced from undigested sand matches well with the XRD pattern of 
commercial product. 


5.0 CONCLUSIONS 


The undigested sand from an Indian alumina refinery plant contains significant titanium oxide 
(TiO,: 10%) value, contributed by rutile and ilmenite. These minerals appear in free and 
independent state. The titanium oxide minerals were recovered by gravity separation technique 
(using Wiffly Table). A concentrate containing 38.87% of TiO, with 47.23% recovery was obtained. 
However, the grade improves in coarser fraction when the bulk sample is classified. The titanium 
rich concentrate, so obtained through beneficiation, was subjected to plasma smelting with 
appropriate amount of activated carbon so as to convert it into a fuse mass of Fe- rich titanium 
carbide (Fe-TiC). Pure TIC was obtained by grinding the mass followed by acid leaching, which 
matches well with the commercial product. 
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Safety, Health & 
Environmental Issues in the 
Aluminium Industry 
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Aluminium, themostabundant metal in the earth's crust (making up approximately 8%), has a multitude 
of uses ranging from aerospace to construction through manufacturing to food and pharmaceutical 
applications. The production of primary aluminium begins with the mining of bauxite ore andis followed 
by refining of bauxite to alumina employing the time tested Bayer’s Process followed by smelting of 
alumina to aluminium by the famous Hall-Heroult Process of Electrolysis. The basic chemical process 
produces, for every 6 kg of bauxite, approximately 2 kg of alumina, 4 kg of hazardous waste material red 
mud and 1 kg of aluminium metal. Caustic soda is the major raw material used in the alumina refining 
process. Otherraw materials used in the aluminium smelting processinclude carbon, aluminium fluoride, 
cryolite, and electrical energy. The chemical, physical, biological, psychosocial, and ergonomic hazards 
related to primary aluminium production are also characterized, in the context of both occupational 
and community heatth. Epidemiological analyses detailing known health risks are comprehensively 
summarized. Safety, community healt and associated environmental issues in relation to alumina” = 
aluminium production facilities, are also discussed. 
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Bauxite Mining Process and Associated Occupational 


Although a very small percentage tless than 1% globally) 
of aluminum is obtained from ores such as nepheline and 
trom alternative sources, such as tly ash trom coal-fired powe? 
stations, bauxite mining represent. by tar, the most common 
initial upstream step in the eventual production of aluminium 
metal. 


Bauxite on. named tor the town of Les Baur, France, is one 
ef the etrhest sources of bauxite and contains alumina {AlO3), 
the immediate precursor of aluminium (Al) in the production 
scade. The overwhelming majority of known global bauxite 
reserves is found in the geographic band bounded by the Tropics 
of Cancer and Capricorn. Key deposits are found in West Africa. 
South America and the Caribbean, South and Southeast Asia, 
and Ausiralia. 


Most bauxite is available very near to the surface and thus 
castly mined relative to other ores. Nevertheless, a number of 
physical. chemical, biological, ergonomic, and psychosocial 
hazards exist throughout the mining process! . 


Physical Hazards: 


Physical hazards include noise, heat and humidity, 
ergonomies. including vibration. naturally occurring radioactive 
material, and ultraviolet radiation. The potential for traumatic 
injurv 1s a reahity that compels operating locations to assure the 
proximate availabilty of skilled emergency medical facilities. 
Noise from sources such as earth-moving equipment, blasting, 
drilling, and crushing is ever present. Consequently, noise- 
induced hearing loss is a significant risk to be managed, and 
robust hearing conservalion programs are essential. The climate 
of tropical mining locations, with its inherent high ambient heat 
and humidity, can lead to heat-related itinesses; thus, regular 
employce awareness programmes and control strategies arc 
necessary. 


Operators of heavy equipment and machinery are subject 
to whole-body vibration, which can contribute to their spinal 
disorders. Naturally occurring radioactive material is present 
in bauxite at very low levels and transfers to the solid residue 
stream during refining, being absent in the alumina end product. 
This latter hazard must be considered and monitored. Ultraviolet 
radiation exposure, logically more pronounced, given the 
concentration of bauxite mining activity in tropical zones, can 
contribute to the occurrence of basal cell carcinoma. Generally, 
accepted control measures include enclosed mobile equipment 
cabs, creatrve scheduling to avoid midday sun exposure, and 
proper protective clothing and sunscreen. 


Chemico! Hozards: 


Cheraicel hazards sre few because bauxite per se is generally 
vonsideres: te he iologically inert. In the occupational hygiene 
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studies of contemporary dust exposures in well-managed mining 
operations seem not to be associated with either clinically 
significant negative lung function impacts or pneumoconiosis. 
Trace quantities of beryllium and other metals are present 
in some bauxite; however, these have not been associated 
with adverse health impacts in those involved in the mining 
industry. 


Additional Hazards: 


Additonal hazards include biological, ergonomic, fatigue. 
and psychosocial factors. Communicable discases like malaria 
and dengue fever, in some areas. must be anticipated and 
addressed through appropriate mosquito and other vector 
control efforts, chemoprophylaxis, early diagnosis & treatment, 
employee education, and travel medicine consultation. Ergonomic 
hazards arc minimized. because mining has matured to a 
highly mechanized state. Fatigue, however, is an increasingly 
relevant concem owing to extended shifts and overtime, and the 
implementation of fatigue risk management programs is growing 
within the industry. Psychosocial factors, including alcohol 
and drug abusc, are compounded by isolation, social change, 
and the lack of health care and other usual social amenities 
in some miming settings and should also be considered and 
addressed. 


Alumina Refining Process and Associated Occupational 
Heatth Hazards and Risks 


Alumina refining process transforms bauxite ore to calcined 
alumina {Al2O3). This extraction method, known as the Bayer 
Process. occurs through a progressive series of steps: crushing of 
the ore, digestion in a sodium hydroxide solution, clarification 
to remove solid waste materials, precipitation of solid hydrated 
alumina, and calcination to drive off water. Digestion requires 
large quantities of caustic suda, the signature chemical hazard 
linked to the refining process. Hazardous waste material Red 
Mud is generated in the refining process, which needs to be stored 
properly in a nearby pond for safety, health and environmental 
vonsiderations. Red Mud needs to be handled carefully as it is 
caustic in nature. It needs to be utilized for the production 
of value-added items. Red Mud is rich in iron content and is 
considered as a very good source for recovering iron. Several R&D 
efforts have becn made by the researchers to find out suitable 
avenues for scientific & technological applications of Red Mud. 
Several other important physical, chemical, biological, ergonomic, 
and psychosocial hazards exist, which are required to be tackled 
with great efficacy:!.. 


Physical Hazards: 


Physical hazards include noise, heat and humidity, vibration, 
ergonomic and ultraviolet radiation exposure. Minor traumatic 
injuries, particularly it hands and fingers, are not uncommon: 
however. the occurrence of maior traumatic events is rare, The 
presence of adequate equipped on-site emergency response 
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ubiquitous hazard throughout the alumina refining process and 
noise-induced hearing loss remains an unfortunate, but still 
prevalent occupational illness for alumina refinery workers. 
Aggressive hearing conservation programs are essential. Best- 
practice programs incorporate quantitative hearing protection 
fit-testing and emerging technologies that use the personal noise 
dosimetry with real-time notification of daily exposure limit 
exceedance. Vibrating hand tools are frequently used within 
refineries, with hand-arm vibration syndrome occasionally 
manifesting in the workforce. 


Chemical Hazards: 


Chemica! hazards include alumina and bauxite dusts, caustic 
soda and diesel exhaust fumes. Cancer incidence and mortality 
studics are very limited. Analyses using an internal comparison 
population showed no excess cancer risk of any type with bauxite 
or alumina exposure. 


With strong alkalis (mostly NaOH) present throughout the 
alumina refining process, chemical splashes and spills remain a 
concern. Serious burns of skin and eyes are possible. Traditional 
emergency showers and eyewash stations using water are being 
augmented with more contemporary first aid agents, which are 
establishing evidence for safety and efficacy. 


Additional Hazards: 


Thus, conventional health and safety practices are very much 
essential for controlling risks, which are of paramount importance. 
Diesel-powered mobile equipment used, for example, inside 
alumina refinery tank for de-scaling generates diesel particulates, 
exposure to which must be controlled. Welding-fume contro! 
through standard ventilation and respiratory protection is 
important. Residual asbestos may be present in older refineries 
and must be managed appropriately to protect against worker 
exposures. The presence of organic matter in some bauxite 
can produce volatile organic compounds during the digestion 
process. Volatile organic compounds, with associated oduur and 
irritation, are issues of potential concern both to the employees 
and to local communities. Since alumina refineries are generally 
co-located in relative geographic proximity to bauxite mines, 
the same environmental ambient concerns relating to heat and 
humidity, communicable disease, psychological factors. and 
ultraviolet light, apply, as do their respective control strategies. 


Aluminium Smetting Process and Associated 
Occupational Heatth Hazards and Risks 


Aluminium is obtained from alumina through the Hall- 
Heroult Electrolysis Process. This entails an electrochemical 
process involving long lines (some more than 2 kilometre it 
length} of electrolytic cells, or pots that use low-voltage. high- 
amperage electricity to produce aluminium metal from alumina 
calominiam ovidet The Hall Heroal Prov ess wads iment 1 
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In this process, molten aluminium is produced by electrotytic 
reduction of alumina, dissolved in a molten fluoride electrolyte, 
consisting mainly of cryolite. within a series of electrolytic cells 
or “pots.” The pots are carbon lined and serve as the cathode 
to the electrolysis process. Carbon Anodes are produced by 
a separate process. There are two main types of cells used in 
the aluminium production. The Soderberg Cell has been the 
dominant technology for many years since ils initial use in the 
carly part of the twentieth century. However, the more comman 
type in operation today is known as the Prebake Cell. fn the 
former, the anode is made from 3 mixture of Petroleum Coke 
and Coal Tar Pitch and contains about twice the pitch content 
used for making Prebaked Anodes. Small briquettes of Anode 
Paste are added regularly at the top of the Soderberg Cell and 
the anode bakes in situ. fn the Prebake Cell, anodes are made 
from a mixture of Petroleum Coke, Coal Tar Pitch, and anode 
material termed “butts” that represents remnant anode removed 
trom the cell during anode changing. Anodes are consumed 
during the electrolytic process and are removed from the cel} 
before they are completely used up. Prebake Anodes derive their 
name from the fact that such anodes are prebaked in special 
Anode-Baking Furnaces at about 1150°C to 1200°C, causing 
the pitch to carbonize and forming strong and dense anode 
blocks. 


Sederberg cells have lower current efficiency and greater 
difficulty in collecting anode-baking fumes, especially Polycyclic 
Aromatic Hydrocarbons (PAHs). These hydrocarbons are mainly 
volatiles from the pitch used in the anode paste. Polycyclic 
Aromatic Hydrocarbon consists of many different organic 
compounds, which have been shown to be carcinogenic. 


Alumina has three basic roles in the smelting process: 


(i) Asa feed for the cell, alumina may be added intermittently 


{in older cell types} or in measured quantities at short 
intervals usually via a point breaker feeder system. 


{ii) Asa thermal insulator on top of both the cell crust and the 
carbon anodes. 


(iii) To help as a scrubbing medium in the cleaning of captured 
cell gases. Activated alumina, which contains the residual 
tluoride, is then used as 3 feed for the reduction process. In 
fact, it has a positive impact on cell chemistry and process 
efficiency over nan-activated alumina. 


Power, a major input for the electrohtic cells, comes trom 
four main generating sources. Coal (50%} and hydroelectric 
40°} provide the greatest contribution, with natural gas (8°) 
and nuclear (2%)} sources contributing the remasnder. 


the clectcolyte consists of mainly cryolite and snaller 
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Physicol Hazords: 


Phwsical hazards assuctated with all heavy manutacturing 


industries are common during aluminum smeltmg Chief 


among these hazards are heat stress. noise and ergonomic and 
electromagnetic telds EMBs! Within smeling operations. heat 
stress occurs because of high levels ef process-generated heat. 
which is compounded bs ambient heat exposure, metabolic 
demands associated with the most common tasks involved 
(particularly within pot rooms; and the requisite use of personal 
protective equipment and cething. 


Both general and eb-speoata controls for heat stress 
exposures should be considered and implemented based on the 
results of exposure assessments. Acchmatization protocols remain 
an important component of heat stress management. Baseline and 
preheat scason medica! screening to identify personal risk factors 
for heat intolerance, emergency response planning, and worker 
Iraining on early recognition of heat-rclated illness symptoms 
are additional components of a comprehensive program. For 
iob-specific exposures, engineering and administrative controls 
are often necessary, and may include the ure of personal cooling 
methods of heat stress control 


Noise is arguably the most prevalent occupational hazard 
within the atuminjun industry, as tt ws for most other manufacturing 
settings. Yet, noise 1s often subordinated to other hazards, 
perhaps because of its omnipresence within the industry, the 
delayed onset of perceptible impact. perceived mild impact as an 
occupational illness, and difficulty in differentiating occupational 
from non-occupational impacts. 


Both auditory {(norse-induced hearing loss, acoustic trauma, 
and tinnitus} and with increasing recognition, non-auditory 
effects (communication interterence, risk tor injury, and 
cardiovascular umpacts} can result fromm excessive occupational 
noise exposure. Studies of noise-exposed individuals within 
aluminium produstion facilities indicate an approximate 2% 
annua} rate of standard threshold shifts!” . A standard threshold 
shift is viewed as a signiticant change and is defined by the US 
Occupational Safety and Health Administration as an average 
decline of 10 dP or more at 2000, 3000. and 4000 Hz in a 
given ear. relative to a baseline audiogram; age correction is 
optional “. 


Noise-related injury risk is thought primarily to be related 
to communication interference and the inability to detect safety- 
warning mgnals “. Both animal studies and epidemiological 
studies of noise-exposed workers show acute physiological 
effects on the cardiovascular system. increased blood pressure 
and heart rate, cardiac rhythm disturbances, and increased 
cardiovascular workload vi: <jrinciated stress responses and 
cortimanreatechiolon an. feleases atid are hypothesized to increase 
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clectrochemical reduction process within the electrolytic cells 
(pots) fonnd in pot rooms. This necessary low-voltage, high- 
amperage current, used to create the electric charge between 
the anodes and cathodes of the pots, is generated within smelter 
co located rectilier vards through the conversion of incoming 
Alternating Current electricity. Pot room workers, electricians, 
and maintenance personnel are thus poteatially exposed to EMEs 
as an unavoidable physical hazard. However, measured levels of 
EMF exposure in pot rooms and rodding arcas are below existing 
Occupational Exposure Limits (OF) <). Epidemiological studies 
exploring the potential health impacts on aluminium industry 
workers with EMF exposure are very hmited. However, to date, 
no relationships have been identified in preliminary studies 
looking at EMF exposure and cancer risk. sick leave because 
of musculoskeletal disorders and reproductive outcomes!**, 
Mapgnetophosphenes, a visual phenomenon manifesting as the 
sensation of light flashes in ones vision caused by inducing 
electric currents stimulating the retinal” * have also been noted 
as occurring in aluminium smelter workers. 


A number of traditional ergonomic stressors exist within 
aluminium smelting and refining. However, there are few published 
studies detailing the nature, extent, and programmatic intervention 
focused on such risks. Nevertheless, published data do exist within 
the industry, demonstrating a robust injury risk reduction when 
targeted ergonomic hazards are identified and systematically 
controlled!®, In addition, the International Aluminium Institute, 
through a collaborative effort by the International Council! on 
Mining and Metals, has produced health metrics guidance, 
which recognizes the importance of including ergonomics as a 
key leading indicator!®. 


Respiratory Disorders: 


As with other industrial settings, inhalation hazards represent 
the most common mechanism for potentially injurious exposure 
within aluminium production. There is a long history of academic 
study related to respiratory disorders among aluminium smelter 
workers, particularly for those, whose primary tasks occur in 
pot rooms. Thus, the literature base i> replete. 


Much of the early literature has its origins in the study of 
Nonwegian and Canadian smelter workers, as primary aluminium 
production has been a long-standing core industry in these 
regions. These were primarily case reports and prevalence 
studies. More recently, Australian, European, and the U.S. 
researchers have contributed additional important data to the 
overall understanding of the respiratory health of aluminium 
production workers. 


Respiratory health endpoints of interest have centered on 
the symptoms of cough. wheeze, and rhinitis, as well as the more 
quantifiable presence of obstructive or restrictive lung disease. 
Asthma in the primary aluminium industry. colloquially called 
“pot room asthma.” however has been of particular interest 
bipear seen sel 
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Robust longitudinal studies have more consistently shown 
elevated rates of both nonspecific respiratory complaints as 
well as diagnosable asthma in the pot room versus non-pot 
room workers. Statutory occupational disease reporting in 
man} countries—asthma in this context—has been useful in 
caurroborating epidemiological findings and suggests that pot 
room asthma cases continue to occur, albeit at much reduced 
rates as compared with historical levels. This reduced incidence 
over the last decade or so directly parallels concurrent reductions 
in pot room dust and gas exposures over the same time course. 


Mechanistically, pot room asthma has most consistently 
been linked to fluoride exposures in dose-response fashion, 
dating to the 1930s. Nevertheless, the definitive causative agent 
or agents have not been unequivocally determined. The relative 
contribution of isolated peak, repeated peak, or chronic low-Jeve! 
exposures to fluorides on the development of pot room asthma 
remains uncertain. 


Within the broad construct of occupational asthma 
definitions, pot room asthma is generally viewed as an irritant, 
non-immunological form of work-related or work-exacerbated 
asthma. The International Aluminiom Institute (IAS) Health 
Committee has developed criteria for the diagnosis of this 
conditioni!*, 


Follow-up studies of subjects with pot room asthma indicate 
that, as with other forms of work-related asthma, symptoms 
may persist even after removal from further pot room exposure. 
Thus, worker education, rigorous medical surveillance, and 
prompt removal from exposure on early symptom recognition 
are essential to the most favourable prognosis. 


Various forms of diffuse parenchymal lung disease have also 
been associated with aluminium production and aluminium 
itself!!', A recognition that metallic aluminium powder and 
aluminium oxide can lead to the development of lung disease 
dates to the 1930s. Historical references to aluminosis (Shaver 
disease) attributed to high concentrations of alumina and silica 
among alumina abrasive manufacturing workers appeared in 
1947. Aluminium-induced granulomatous lung disease has 
also been reported and is distinguished from sarcoidosis by the 
presence of aluminium within the granulomas. 


The existing human epidemiological data suggest 
aluminium is — in the vast circumstances — only a nuisance 
dust (occupationally), with rare idiosyncratic occurrences of 
pulmonary fibrosis in susceptible individuals!!", 


Concer 


“There is epidemiological evidence for a causal connection 
between exposures to specific agents during primary aluminium 
production processes and certain cancers Most of what 1 
known relates to Saderherg operattons or mixed Saderberg! 
Prehake operations. ‘there have been significantly increased lung 
and bladder camer risks reported in Soderberg workers from 
Seneca eon Aes bart not all Pearle Aromatic Ihérocarbons 


{PAHs} have been the putative exposure agent linked to these 
cancers. In Prebake Smelters, the main exposure to PAHs occurs 
during the manutacture of the anode, and once in sity within 
the pot additional release of PAHs trom prebake anodes is low. 
In contrast, exposure to PAHs within Soderberg sinelters occurs 
during the operation of the cell: thus, alf pot room workers are 
potentially exposed. including during the relining of cathodes. 
Many PAHs are presen: and arise mainly from the coal tar binder 
or pitch. Benzo (a) pyrene {BaP} is often used as a gocxd measure 
of exposure for the common PAHs seen in pot rooms. Observed 
lung and bladder cancer rishs increase with cumulative exposure 
to BaP even after adjustment for smoking. 


It is clear that exposures to PAHs are a significant cause of 
certain cancers. The etiulogy of other cancer types, however. is 
not as ohvious, and while some risks are considered as significant 
ones, there is a definite need for further research in this area. 
Other potential exposures can include some mctals (beryllium, 
mercury, nickel. vanadium etc.) and crystalline silica. Workers 
involved in pot lining can be exposed to tars and fluorides, and 
in some cases, asbestos. 


In 2012, the International Agency tor Research on Cancer 
published volume 100F “A Review of Human Carcinogens: 
Chemical Agents und Related Occupations, including a 
monograph titled “Occupational Fxposures during Aluminium 
Production. This monograph notes that in IARC Monograph 
volume 92: “There was sufficient evidence from epidemiological 
studies of a carcinogenic elfect of occupational exposure in 
aluminium production based on a relatively large number 
of studies that showed a consistent excess of cancer of the 
bladder and a somewhat less consistent excess of lung cancer.” 
Atter further review of new data. the 2012 monograph 
concludes, in the final evaluation: “ There is sufficient evidence in 
humans for the carcinogeniaty of occupational exposures during 
aluminium production. Occupational exposures during auminium 
production cause cancer of bladder, and of the lung. Occupational 
exposures during aluniinium production ar¢ carcinogenic to 
humans (Group 14.” {ft is important to note, however, that the 
aluminium production exposure agent of focus in International 
Agency for Research on Cancer's determination is, specifically, 
PAHs. 


Globally, many studies have been carried out with respect 
to cancer in the aluminium smelting industry! !*". It is a matter 
of great concern for the alumimum industry to address this 
important issue of cancer linked to aluminium smelting 
operation. 


New Technologies 
Inert Anodes (Non-Consumoble Anodes) 


One of the long-sianding wishes of the industry has been 
to invent and use Tinert eredes enc that is chemigelly non 
oactive Anviintirn no ef metendl must Rate «ete net 
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reactivity in the electrolyte, show good chemical resistance, 
be physically stahle, robust. and resistant to thermal shock. 
Other important factors include low wear rates, so that there 
ss little need tor repeated replacement — 1idvally, it should last 
the average length of the cell itselt and have a purity level that 
prevents aluminium contamination. 


Ongoing work on the quest for an inert anode is fuelled 
by cost savings when compared with the need for repeated 
replacement of consumable anodes. as wel: as potentialiv lower 
chronic material costs, improved ecll environmental profiles, 
and fewer issues related to emplovec health through a lower job 
risk profile. Nevertheless, a direct replacement of inert anodes 
in existing electrolysis cells would lead to higher clectricity 
consumption, 


Two arcas of interest remain in the torefront of inert anode 
development — metal alloy anodes, and “cermet” ar ceramic? 
metal alloy mixtures. Unfortunately. issues remain to be resolved 
before either of these approaches can be considered as a proven 
technology. The potential advantages are so great; however, 
that serious work continued to be dane toward the successful 
development of the inert anode. 


Carbothermic Production of Aluminium 


The Carhothermic process uses carbon and heat in a three- 
step process, rather than an electrolytic reduction process, 
to reduce alumina to aluminium. Like the inert anode, the 
Carbothermic process has gone through several iterations, 
starting with the initial attempts that produced Al-Cu alloys 
{ 1886) and later efforts that led to Al-Si allovs (from the 1920s 
to 1945). Recent efforts in several countries have focused on the 
production of pure aluminium. Currently, work is underway in 
Norway to produce an Al-C alloy. which could then be reduced 
to aluminium. These steps, the production of the Al-C allov 
and the reduction of the alloy to aluminium, pose the greatest 
challenges. 


To further complicate matters in the search tor a successful 
Carbothermic process, considerable carbon munoxide (CO) 
will be released, leading to a 60% incrcasc in overall COs over 
current methods, through natural degradation. Even with a 
potential saving on electrical power. and assuming such savings 
would be applied to power generation from coal sources, a net 
increase ot 40% will occur unless the CO can be captured and 
used in other processes/uses. 


Community and Environmental! Health Considerations 
Heafth Risk Assessment around Alumina Refineries 


Health Risk Assessment (HRA is a tuo! that can be used 
to estimate or predict the current or tuture health impact of 
chemical exposures on a Ppopuiation. sith as the comameraties in 
which odust ral npers uae ate eresent If recent ‘ears. HRA ha. 


Meier or Pe ete ih later 


Becausc the overriding type of industrial emission for 
refineries i< airborne chemicals, the centerpiece component 
of an HRA is an air dispersion modelling. Such modelling 
requires significant professional input to execute and interpret 
properly, and this methodology must be used to fully assess and 
characterize potential health impacts. 


in Australia, best-practice HRA approaches and modelling 
techniques have been developed under the auspices of the 
Australian Aluminium Council. Health risk assessments are quite 
usetul in assessing the potential impacts of a process or facility 
changes, and implemented engineering control measures. also 
for engaging appropriate community stakeholders. 


Health Risk Assessment around Aluminium Smetters 


Community health risks from smelter emissions, including 
noise, can be roughly assessed based on existing occupational 
health studies and on other community-based studies. Potential 
community health effects from aluminium smelters arise {rom 
the usc of the Hall-Heroult production proccss, a process with 
well-defined hazards that have the potential to impact on the 
health of smelter workers. 


Multiple hazards were identified in aluminium smelter 
workplaces, and their risks to workers were defined. The hazard 
profile included aluminium, aluminium oxide (A203), berylhum, 
carbon monoxide (CO), carbon dioxide (CO2), dust (reparable 
and inhalable), fluorides (particulate and gaseous), EMFs (static 
[direct current} and variable {alternating current}), nitrogen 
dioxide (NO)), noise, PAHs (as benzene soluble matter and 
BaP), and sulphur dioxide (SO9). Identified hazards were then 
assigned “to one of five risk categories: none; uncertain; low; 
medium; high” 


To estimate the contribution of an industrial site to health 
impacts in a community is a challenge. There is first a need to 
understand the industrial processes themselves, then to have 
good data rclated to emissions to the community, and finally to 
be able to dehne the contribution of the specific industrial site 
being studied. In general, the more urban the area, the greater is 
the likelihood that there will be multiple industrial and perhaps 
natural environmental sources of the emissions under studv. 
Another confounder is the use of occupational health data 
extrapolated to the general population, as these populations 
may differ significantly. 


Potential health hazards that may also pose community 
health risks because of the proximity of the communities to 
aluminium smelters have been studied by many researchers. It 
has been observed that there is a potential for materials such as 
BaP, sulphur dioxide, particulate matter, fluorides. bery lium. 
and noise to pose community health risks. The range of risk 
magnitude, however, 1s widely dispersed on the basis 7 « 
number of bath controBeble and non-controllibh factors 
including emjejen cont) tech rologiet Sspersion Patten 
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Aluminium & Alzheimer Disease 

Some rescarchers have linked Aluminium with Alzheimer 
Discase. This is an old age syndrome and people who die in this 
disease have aluminium in their brain cells. Intake of aluminium 
into the body system in the form of various medicines over the 
entire life cycle of a person is the root cause for this disease. 
Aluminium is not released in the excreta and gets deposited in the 
brain cells causing memory luss and thereby causing Alzheimer 
Disease. More research is required to establish conformity with 
the linkages between Aluminium and Alzheimer Disease. 


Conclusion 


Managing health and safety risks is paramount at all steps 
in the aluminium production process. There are many well- 
studied and characterized occupational health hazards and 
risks within the primary aluminum production industry. 
Based on various environmental and technical factors, some 
of these risks may also extend to local communities in selected 
circumstances — although the evidence for this is less clear. 
Rigorous health protection programs have gencrally been 
implemented throughout the industry to address & control, to 
the extent feasible, the identified hazards and risks. These include 
comprehensive industrial hygiene and medical surveillance 
programs and the use of state-of-the-art technologies and 
approaches wherever possible. Improved process control, positive 
technological changes, and better planning have also lowered 
potential risks for local communities. 


‘Ihe Health Committee of the International Aluminium 
Institute (IAT) has been a key catalyst and facilitator in driving 
continual improvement and technological changes for the 
protection of workers in the aluminium industry and those 
people residing in surrounding communities, including the 
development of applicable industry-relevant health indicators. 
The IAT's Health Committee has also had, and continues to 
have, an interest in enhancing the scientific understanding 
of the roles played by aluminium with respect to human 
health. 


State Pollution Control Boards, Central Pollution Control 
Board, Technology Suppliers, Equipment Suppliers, Engineering 
Consultancy Organizations, State Govt. Agencies. Central Govt. 
Agencies, Concerned Aluminium Company. Local Communities 
and all such stakeholders have important roles to play to address 
such issues, which have a great societal impact. 
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Abstract 
Keywords: Red mud; Nickel! Spent Catalyst; Reduction Roasting, Smelting. Ferro-Nickel, 


Red Mud of Indian origin contains around 50% plus of Fe;O;3 depending on the source of bauxite 
and is considered as a hazardous waste for the Alumina Industry. For production of one tonne of 
Alumina employing the time tested Bayer’s Process. around two tonnes of Red Mud is generated 
from three tonnes of Bauxite. No suitable avenues for bulk utilization of Red Mud have so far 
emerged. 


Nickel Spent Catalyst is generated in huge quantities in Indian Petrochemical Plants more than 
20.500 tonnes per annum and is considered as a waste. Regeneration of these spent catalysts, after 
many cycles of operation, is not possible by ordinary techniques and it poses significant waste 
disposal problem. This waste material contains valuable metal like Nickel. 


In the present study, efforts have been made to produce Ferro-Nickel from the blend of Red Mud 
and Nickel Spent Catalyst by adopting pyro-metallurgical process which includes Reduction 
Roasting followed by Magnetic Separation and Smelting of the magnetic fractions rich in Nickel. 
Ferro-Nickel containing 4-10% Ni was produced with nickel recovery of 80-85%. In this paper. 
experimental data on production of value added ‘product are furnished for utilization of waste 
materials like Red Mud and Nickel Spent Catalyst. 


1.0 Introduction 


Red Mud, a by-product generated from the caustic leaching of bauxite to produce alumina in the 
Bayer Process, causes serious environmental problems and is considered as a hazardous industrial 
waste. During digestion of bauxite around two tons of Red Mud per one ton of alumina is 
produced. In India, various alumina produces viz. NALCO, BALCO, HINDALCO, INDAL. 
MALCO and VEDANT produce around 2 million tonne per annum of red mud which is stored by 
the companies in nearby ponds specifically made for the purpose which contains around 30-50 ¢ 
iron. Utilization of Red Mud for production of cement, tiles, bricks and blocks etc has been tried by 
many researchers. However these efforts have resulted in partial utilization of Red Mud and the 
problem of bulk utilization of Red Mud still remains a challenge. 


Further more nickel spent catalyst is a waste material generated in huge quantity in the urde of 
more than 25.000 tonnes per annum trom Petrochemical products and posses significant disposal 
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problems causing serious environmental hazards. This material is a good source of nickel 
containing around 6.17% NiO. 


Since iron is a major constituent of Red Mud, it was thought prudent to utilise iron values in the 
form of ferro-nickel from the blend of red mud and nickel spent catalyst of petroleum refineries 
utilizing the state-of-the-art Reduction roasting followed by magnetic separation and smelting. This 
novel process will help in production of ferro nickel which can be utilized for steel making. By 
employing this technology. techno-economic feasibility for bulk utilization of Red Mud and 
another waste material- nickel spent catalyst can very well be established, thereby signifying the 
importance of production of wealth from waste materials, 


1.1 Reduction of Fe,O; present in Red Mud and NiO in nicke! spent catalyst by Carbon: 
Fundamental Principles 


Reduction roasting is an effective unit operation in the treatment of iron oxide present in 
red mud and nickel oxide present in nickel spent catalyst at an elevated temperature, which 
is cared out in the presence of carbon. Oxides of iron and nickel are reduced by gaseous 
reductant (CO) formed as a result of reaction between carbon and oxygen as per the 
principle of Boudward Reaction. The reduction mechanism is represented by the following 
equations.[1-5]. 


SFeO OH ~- SiO: - 2C ——» Fe:;SiO;4 — 2 Fe;O0; — 4H:O - 2CO (1) 
4Fe:0: - C - SiO; ——»  Fe;SiOy4 = 2 Fe:O;4 — COs (2) 
4FeO OH - C ——» 4FeO- CO; - CO; (3) 
2Fe:O: = C ——» 4FeO - CO: (4) 
2FeO Cr:O:-C —_ ‘?Fe- 2 Cr:0: - CO: (5) 
2FeO Cr;O:-$ ——» ?Fe- 2 CrnO0: ~~ SO: (6) 
4FeO OH - SiO: -2C ———» Fe:SiO; - 2? Fe- 2H:-O ~-2 CO; (7?) 
FeO: ~ S10: —2 C ———_» FeSiO;4 + 2 Fe- 2CO: (8) 


Boudward Reaction 
C- 0: —୫» ୯୦- 


COo:.- C ——» ୬2୯୦ 
: (103 
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The main purpose of carrying out reduction roasting is the conversion of the iron oxide 
present in red mud into magnetite phase. so that it can be easily removed magnetically. 
Since the iron oxide in red mud and nickel oxide in nickel spent catalyst are blended 
together. the adoption of reduction roasting technique will be more appropriate to separate 
out the iron and nickel from the other associated gangue matenials in the blend. The iron 
and nickel concentrate thus obtained by reduction roasting followed by magnetic 
separation route may be advantageous to enrich nickel content in reduced material. This 
reduced material then will be suitable feed materials for the production of ferro-nickel. 


Other parts of the world utilize lateritic ore containing 1.37 to 2.80 % Ni for production of 
ferro-nickel as furnished in Table-1. However. in the present investigation. efforts have 
been made to produce ferro- nickel of the grade 4-25% nickel from the blend of red mud 
and nickel spent catalyst following a standard pyro-metallurgical process which includes 
reduction roasting followed by magnetic separation and smelting of the magnetic fraction 
rich in nickel using induction furnace facility at IMMT,. Bhubaneswar. 


Table 1: Composition of Lateritic ores used in Fe-Ni production in different 


countries. 
Composition of Lateritic Ore Grade of 
Fe-Ni 
Ni% 
0 Fi 


1.37 28.3 


Plant and Source of Ore 


1. Pacific Metal Co.Ltd., Japan 


(Philippines) | 
2. Marro do Niquel S.A., Brazil 2.00 6.50 3.25 30.00 | 
S.A. Le Nickel, Doniamboo, 2.80 13.00 4.64 22-28 
New Caledonia 
4 Sumitomo Metal and Mining 1.46 1.63 1.12 27 
Co.. Japan ( New Calendinia 
Ore) 
5. P.T. International Nickel, 1.62 14.10) 8.70 - 
Indonesia 
6. Kovadarei, Yugoslavia 1.57 10.60 ୫6.75 ୨୨୪0୦୦ ।| 
7. Hana Nickel Smelting Co., 1.65 PP 7.27 47.00 । 
Riddle, Oregon 
8. _Larco, Greece 1.70 38.00 22.35 22-33 | 
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2.0 Experimental 
2.1 Raw Materials 
2.1.1 Red Mud 


As a case study. red mud trom NALCO. a Navaratna Company under Government of India. was 
used for conducting the experiments. NALCO has set up Asia's largest integrated Alumina- 
Aluminum complex in the state of Odisha, India and produces 15,75.000 MT of alumina per 
annum. In the process. about 31.50.0000 MT of Red Mud is generated. NALCO. being the major 
player in Asia. in the field of Bauxite. alumina, aluminium and related products, it was envisaged 
to focus the study taking in to account the red mud generated by the company as the by product 
utilizing the Bayer’s Process for production of alumina trom bauxite,.. The Red Mud of NALCO 
origin was used as the principal raw material for the present study. The chemical analysis of 
NALCO Red Mud is furnished in Table 2. 


2.1.2 Nickel Spent Catalyst 


Nickel is used as a catalyst in petrochemical plants because of its lower cost as compared to other 
competitive substitute and the spent catalyst is generated in huge quantity in the order of 25,000 
tonnes per annum. Regeneration of these spent catalysts after many cycles of use is not possible by 
ordinary techniques and it poses significant waste disposal problems causing environmental 
hazards. This material contains valuable metal like nickel. The chemical analysis of nickel spent 
catalyst used for the present study is presented in Table-2. 


2.1.3 The blend of Red Mud and Nickel Spent Catalyst 


Efforts have been made for preparation of suitable blend comprising red mud and nickel spent 
catalyst for production of ferro —nickel as compared to the nickel content generally available in the 
world in ditferent lateritic ores as feed materials. The blend ratio of red mud/ nickel spent catalyst 
of 50/50.60/40.70/30 and 80/20 have been selected taking into consideration the NiO wt% in the 
blend to be in the range of 3.085 to 1.234 respectively (Table-2). The Fe;O; wi% present in the 
blend is comparable with the various nickel bearing lateritic ores used as feed materials for the 
production of ferro-nickel by the leading ferro-nickel producers of the world as shown in Table-1. 
In addition to carbon used as reductant in reduction roasting, sulphur present in the blend acts as a 
catalytic reducing agent which enhances the reduction process of oxides of iron and nickel present 
in the blend without being detrimental to the process. In the reduction roasting process, sulphur is 
removed in the form of SOs and the reduced product becomes free from sulphur. 


2.2 Experimental Details 


As a case study, the blend composition ratio of 60/40 as shown in Table -2 was undertaken for the 
reduction roasting experments in Down Draught Pan Sintering Furnace (Fig-1). 
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Table-2: Chemical Composition of the blend of Red Mud and Nickel! Spent Catalyst (wt.%) 


SL.No | Constituents Red Mud/ Nickel Spent Catalyst Blend 

Caralys 50/50 70/30 80/20 
Ee CE FOO MANET “34321 3954 4476 
3 - 


1.851 1.234 


_ 7.35 49 
1.531 1.474 
7.424 ` 7.056 


3 2 
6 0; CE 65 | 26.37 23.09 
mo Tr a as oa 0.147 ,_ 0.168 
es a 2.184 2.496 
2.682 3.129 3.576 
10 5 CGI CO 2.024 | 1.518 1.012 
11 _ jroo rH [6245] 7494 8.743 ୨.୨୨2 


The blend of red mud and nickel spent catalyst having fines of size -150p containing 
2.468% NiO and 34.32% Fe;O;s was mixed properly with coke breeze powder of size - 
150 containing 65% fixed carbon in required proportion. The mixture was granulated 
using 12% water in disc pelletiser. The pellets were then mixed with coarser size coke 
breeze (-2mm) and charged into the Down Draught Pan Sintering unit. The laboratory 
scale of pan sintering unit of size 10X10X310 mm size was used for the experiment. About 
5S0gms of charcoal pieces were put on the top of the pan sintering unit for ignition. The bed 
height was maintained at 300-310 mm. Slow down draught suction was initially applied 
for a minute for uniform ignition and then the suction was increased to the required level. 


A typical suction pressure and exit gas temperature profile during sintering has been shown 
in Fig-2.The sintered product was ground to 85% passing through 75} in a ball mill along 
with water and then subjected to low intensity wet magnetic separation. The wet magnetic 
separation was carried out using low intensity drum separator manufactured by SALA. 
International, Sweden. The drum of magnetic separator is of 200mm diameter and 120mm 
width. The magnetic intensity was maintained at 2000gauss.The solid concentrate in the 
pulp is kept at 20-25%.The slurry was pumped into the drum at a rate of 300- 
400cc/minute. The speed of drum was maintained at 45rpm. Both magnetic and 
nonmagnetic fractions were collected separately. dried, weighed and analysed for nickel 
und iron. The results are given in Table-3.The mineralogical characterization of sintered 
blend materials has been shown in Fig. 3.The magnetic fraction rich in nickel is »sinelted in 
induction furnace containing an alumina crucible to produce terro nickel (Fip-4). Smelting 
Analysis of Magnetic fraction of sintered product is shown in Table-d4. 
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3.0 Results and Discussions 


The main objective of the reduction roasting process is to convert Fe;O; phase of iron 
present in the blend material of red mud and nickel spent catalyst into magnetite phase and 
separate it from gangue materials such as alumina, silica. etc. If the Fe20;s phase of iron is 
converted into magnetite phase, then the Fe/ Ni ratio will increase, thereby diluting the 
nickel grade during smelting. To overcome this problem, pan sintering technique was 
employed to selectively reduce iron oxide and nickel oxide such that the magnetic fraction 
becomes rich in nickel content. The fundamental study reveals that nickel oxide reduction 
occurs more rapidly than iron oxidc reduction.[6-8} 


During pan sintering process. iron oxide reduces into magnetite, wustite and metallic iron 
forms. When this reduced product is subjected to magnetic separation, magnetite and 
metallic iron along with nickel are separated. A nickel-rich magnetic fraction is obtained 
and it becomes the feed material for the smelting reduction process. The results of 
magnetic separation studies are shown at Table 3. The underlying philosophy of the study 
reveals that the subsequent stages of magnetic separation of the magnetic fractions shows 
higher content of nickel. 


The smelting reduction studies were carried out in an induction furnace using coke breeze 
fines as the reductant for production of ferro-nickel. The amount of reductant plays a vital 
role in smelting reduction process for selective reduction of iron for obtaining higher grade 
of ferro nickel [9-10}. Ferro-nickel containing various percentages of nickel therein can be 
produced by selectively reducing iron oxide by controlling the use of different percentage 
of reductant as shown in Table 4. 
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Fig. 1: Schematic Diagram of Down Draft Pan Sintering Furnace 
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Fig.2. The exit temperature and pressure profile of the draught during reduction roasting 
process 


Table 3: Results of low intensity magnetic separation of the blend of red mud and 
nickel spent catalyst. 


Feed ground to 85% passing 75m, intensity of magnetic field- 2000 gauss. 


ce 
Recovery | Recover 

EE Dd Ga had foc Ld God 

Feed* 

Fraction 

Fraction 


*Roasting Conditions: 


1 


1. Coke breeze inside the pellets (-150 pu) : 10% of blend mix. 
2. Coke breeze out side pellets (-2mm) : 12% of blend mix. 
3. Bed height : 300 — 310mm 

4. Suction pressure : 300 mm WG 

5. Time of sintering : 15-20 minutes 
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Table 4: Smelting Analysis of Magnetic fraction of sintered product. 
Feed: Magnetic fraction of sinter product, containing 3.15 % Ni and 51.31 % Fe 
Crucible in Induction furnace : Alumina 
Temperature : 1550°C 


Fig. 3: The mineralogical characterization of sintered blend materials, 

Fe-Ni globule is distinctly spherical. Escolite developed as bright irregular 
patch.Lamellar esolution textures are common. Reflected light. Length of all 
photographs = 400 microns. 
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Fig. 4: 35 kVA Induction Furnace having three modules 
5 kg, 10kg and 20 kg capacity 


4.0 Conclusions 
The following conclusions may be drawn from the above experimental findings. 


A state-of-the-art reduction roasting process followed by magnetic separation and smelting 
techniques has been shown to produce terro-nickel containing 4-10% nickel from the blend 
of red mud and nickel spent catalyst. The technology is environmentally friendly and zero- 
waste process accounting for complete conversion of blend of waste materials red mud and 
nickel spent catalyst for production of ferro-nickel. 


It is possible to produce ferro-nickel from ua suitable blend of red mud and nickel spent 
catalyst and the process so developed has novelty and uniqueness in character and can very 
well be exploited for techno-commercial realizations 
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Environmental & Waste Management 


in Non-Ferrous Metals Sector 
Recycling of Non-Ferrous Metals 


Dr. Chitta Ranjan Mishra 

Former Deputy General Manager & Head (Research & Devedopment) 
National Aluminium Company Lunited (NALCO) 

Bhubaneswar, Oduha, India 


Non-ferrous metals (NFM) are used extensively across the globe. With the gradual depletion of primary resources, recycling of end 
of life products is, and will be the most preferred way to become the secondary source of NFM. Recycled non-ferrous scrap metals 
thus, are key to the metallurgy industry for the production of metals anew, thereby serving as renewable resource Re-use not only 
leads to a cost-effective secondary production, but also reduces carbon footprint and conserves energy and minerals. Therefore, 
demand of recycled scrap is seen to rise in developed, as well as developing nations alike. 


Notable researcher Dr. C R. Mishra, in this article, throws light on the countries targered by ReCoMap (a Regional Programme for 
Sustainable Management of the Coastal! Zones of the Countries of the indian Ocean). wnece NFM availabihty is limited. He has 
particularly emphasized on the pollution & waste creation/energy consumption’environmental degrodation aspects of recycling 
NFM in these countries. In this article, he has mainly highlighted on recycling of two NFM - aluminium and lead and the associoted 
risks with informal recycling. In addition, Or. Mishra has olso made a detailed discussion on recycling channels for WEE (Waste 
Electrical & Electronic Equipment) and the related aspects. He comes up with the ratronal or rather softer and greener processes & 
technologies of NFM recycling. 


What are Non-Ferrous Metals? {i) Basic metals: Aluminium, Copper, Lead. Zine, Nickel, 


What is commonly called Non-Ferrous Metals (NFM), to | Carne ca 4 i 
be differentiated from Ferrous Metals such as stecl, cast ron (¥) Spectal metals: Germanium. CGaitium, Barium, Tantalum. 
and other alloys with iron such as stainless stcel or galvanized Indium, Vanadium, Teroium. Berylhum, Europium, 
stcel. are primarily meta! allays made of aluminum, copper, tin, Trtanum. Ruthenium, Cobalt. Falladium. Manganese. 
lead, zinc, chrome, gold. silver, et. It is indeed quite rare tu find Antimony, Bismuth. Cadmium, Ssenmen. Niohmm. Vitnum, 
rejects or waste of pure inelals or tse in very small quantities. Rhodium. Mercury Amen 
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In fact. the professiostals of thus sector ol activi distinguish (A) Precious merais Gold Diver Visi: 
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and industnal equipment, electronic components and domestic 
electrical appliances. The industries which use these recycled 
materials arc mainly foundrics, iron and steel industry and 
other heavy industries. 


Nowadays, the material recovery undertaken, ensures 
73 per cent of the needs in NFM for these industries and the 
recycling of products at the end of their lite span represents 20 
per eent of the needs. 


The recycling of end of lite products will be mure and 
mare sought as it becomes the only source of secondary non- 
terroais metal. Indeed primary resources arc declining, at least 
temporarily. duc to the scarcity of new mining projects set up 
during the past vears. 

Ancient History 

Non-terrous metals were the first metals used by humans, 
tor metallurgy. Gold, silver and copper existed in their native 
crystalline. vet metallic form. These crystals, though rare, are 
enough to attract the attention of humans. Less susceptible 
to oxygen than most other metals. they can be found even 
in weathered outcroppings. Copper was the first metal to be 
{forged - it was soft enaugh to be fashioned into various objects 
by cold forging, and it could be melted in a crucible. Gold, silver 
and copper replaced some ot the functions of other resources, 
such as wood and stone, owing to their ability to be shaped into 
vanious forms tor different uses. Due to their rarity, these gold, 
silver and copper artifacts were treated as luxury items and 
handled with great care. The use of copper also heralded the 
transition from the Stone Age to the Copper Age. The Bronze 
Age. which succeeded the Copper Age, was again heralded by 
the invention of bronze, an alloy of copper with the non-terrous 
metal tin. 


Recycling & Pollution Control 


Due to their extensive use, non-ferrous scrap metals are 
usually recycled. The secondary materials in scrap are vital to the 
metallurgy industry, as the production of new metals often needs 
them. Some recycling facilities re-smelt and recast non-ferrous 
materials; the dross is collected and stored onsite while the metal 
tumes are filtered and collected. Non-ferrous scrap metals are 
sourced from industrial scrap matcrials, particle emissions and 
obsolete technology (for example, copper cables) scrap. 


Factors favouring the development of recycling of NFM 


On the one hand, the production of primary ore is inexistent 
in several geographic regions. Recycling NFM, therefore, 
constitutes the only available “surface mine”, which presents 
the advantage of being a renewable resource. In any case, the 
re-use of recovered material enables savings in cost of raw 
material. 


On the other hand, the production of secondary material 
costs much lesser than the production of primary material 
from ore. 


+ Necessery investments arc in average 3 or 4 times lesser 
than for refining 


+ Savings in energy consumption when compared to production 
of primary metal, is of the order of 60 to 80 per cent for copper 
and 90 to 98 per cent for aluminium, which represents a 
significant advantage in the context of present high encrgy 
costs and of constraints associated to COs emission which 
are becoming higher in Europe 


Beyond the present economic context, newly developed 
countries such as China, which use more and more of this type of 
production and which import recovered material, arc meeting a 
demand which should go on rising. This industrial growth should 
bring China and India to increase their importation of material 
for recycling, first from industrialized countries, and then from 
developing countries which have not set up refining units and 
which are interested in the income derived from their sales. 


Since 2002, the prices of NFM have not stopped increasing 
and more particularly, those of copper, which have risen to 
about 7 O00C/T, reaching its highest level of the past 16 years. 
This spectacular increase in the price of primary and recycled 
NFM is due to the combination of several factors: 


“Ihe strong international demand, pulled by China and India 
and by industrialized countries, is in constant growth even 
il is attenuated by the present financial crisis affecting the 
automobile and construction sectors of activities 


+ The fall of the dollar against the other foreign currencies. 
The metals listed at LME have their prices automatically 
adjusted 


< Supply and demand market regularly encountering shortages 
due to the rationing of the supply 


In case of countries targeted by ReCoMap (a Regional 
Programme for Sustainable Management of the Coastal Zones 
of the Countries of the Indian Ocean), the available NFM is 
limited. The industrial sector and equipment suppliers, usually 
generators of this type of waste, are not much present and the 
consumption in equipment from which used goods could be 
produced, represents a weak resource in NFM. 


Most of the studies regarding the characterization of 
Hazardous Household Waste (HHW) or Non-Hazardous 
industrial Waste (NHIW’) in developing countries, show that 
the fraction of NFM is less than 1 per cent of the total tonnage 
of waste in rural zones and comprised between 2 to 2.5 per cent 
in urban areas. 


In these regions, it can be noted that the largest part of 
NFM is composed of basic metals, but an increasing attention 
is being brought to the growth of the electronic equipment and 
electrical appliances sector producing waste which involves not 
only ferrous metals and basic NFM, but also special metals and 
for the computer equipments, some precious metals. 


Since recently, some industrialized and emerging countries 
among which Russia and Morocco, have closed their boundaries 
to the exportation of NFM for two main reasons: on the one 
hand, they want to avoid being deprived of a resource which 
ean be uselul for their industrial development. and on the other 
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hand, they realize that the uncontrolled development of recycling 
channels for NFM leads to organized thefts on private and public 
installations such as electrical lines. 


‘The threat is much higher in developing countries, where 
populations are even more thriving to earn some income and 
where the supporting and control measures for recycling channels 
are low or inexistent. 


Even if the available volume of NFM in targeted countries 
of ReCoMap is much less important than in industrialized 
countries, it nevertheless represents a resource, which should not 
be sold off on the export market and it is essential to highlight 
the fact that the recycling channels, formal or informa, should 
not remain pollution sources as is often the case nowadays in 
those countries. 


Recycling options for Non-Ferrous Metals 


In the coastal zones of the targeted countries of ReCoMap, 
we can differentiate two main configurations: the large urban 
industrialized zones and the rural areas. 


The priority regions for ReCoMap are mostly rural and do 
have host industrial or other activities likely to generate massive 
amounts of NFM. 


In fact, the major part of NFM is produced through consumer 
goods and electrical appliances, domestic or industrial, and 
it is for a large part already treated, often informally, by loca! 
operators, who are highly motivated by the commercial demand 
from India and China. 


Even if there are no specific studies undertaken on the subject 
for the priority countries and regions of ReCoMap, experience 
acquired on similar sites lead us to think that most of the NFM 
are basic metals, generated by the automobile or naval sectors 
and of domestic equipment, and to a lesser extent, special and 
precious metals which are found in small quantities in residual 
waste from computer wares and electronic products which are 
encountering a fast development. 


Most of data available, indicate a major predominance of 
aluminium and lead. Copper follows far behind but it may be 
due to the absence of regular notification at export. 


Predominance of Aluminium and Special Metals 


In the same way as for plastics, the system presently in 
force in targeted countries of ReCoMap, is essentially oriented 
towards sorted material, sometimes after a minor transformation 
(volumic reduction, melting in rough bars). Consequently, the 
valuc added is low for collection and sorting operators who are 
quite rarely the final beneficiary of the activity. However, this low 
added value is probably, partly compensated by the low taxation 
withheld by fiscal authorities who do not have the means for a 
strict control on this “merchandise” flow. 


If the export sales of these materials bring some foreign 
currency, it is also clear that the optimization of sorting protocols, 
volume reduction and in some cases primary transformation, 
could provide sustainable employment and a better distribution 
of wealth between operators and waste managers. 


In order to implement viable recycling options for NFM, 
technologies with high investment and environmental risks, as 
well as important volumes are required. No development in this 
TN solutions is done for complete recycling cycles but rather 
some methodologies are explained. aiming at the preliminary 
stages of recycling options. 


e For some Waste Electrical and Electronic Equipment 
(WEEE), the principle for sorting operations and volume 
reduction which allow the sales of those products on the 
international market, will be presented 


¢ For aluminium and lead, it will also be a question of 
optimization of the common practices of melting which 
often present hazards and risks for operators, their immediate 


environment and the users 
Recyding of Atuminium 
Risks associated with informa! recycling of Aluminium 
A certain number of initiatives for informal recycling of 
aluminum in developing countries are known and most of the 
recycling options present three main common features: 
‘They recycle mostly aluminium from automobile engines 
They produce mainly kitchen ware 


They generate atmospheric pollution, as well as liquid and 
solid wastes and consume a high quantity of wood coal, 
hence contributing to deforestation 


As a general rule, the foundries contain basic equipment 
such as: 


» A storage zone for sand and the area for the preparation of 
moulds 

« The forge blower and the melting pot with a storage and 
cooling zone for the residues 

* The storage for wood coat! and raw material 


In terms of supply, the raw material arrives separated in 
two categories: 


« Light aluminium 
+ Heavy aluminium 


Light aluminium is generated through the consumption of 
beverage cans and food tins which are usually collected from 
dumpsites or deposit areas for domestic waste. 


Heavy aluminium is mostly generated from scrap merchants 
or it is collected at mechanical workshops, aluminium joineries 
and dumpsites, where sorting is carried out by informal workers. 


Despite this initial sorting, the melting of the material is 
often undertaken on mixed waste, without measurement and 
preparation. apart from some rough crushing or grinding of large 
pieces and crushing of small containers. Working conditions of 
these informal workers are very poor and it can be nated that a 
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large number of children and poor populations are employed 
for these tasks. 


Melting is carried out in a pot made of assembled metal 
plates (covers of drums, recovered iron sheets) laid on a furnace 
fed with wood coal. It happens that the furnace is “improved” 
with an enclosure made of fireproof material such as clay mixed 
with slag (impure silicates). In any case, the forge blower is used 
to reach a temperature sufficient for the melting of aluminium 
i.e. 630 and 650°C. In these informal! workshops, often set up in 
the open air and directly on the soil, devices for the recovery of 
combustion fumes or melting vapors do not exist, so much so 
that the totality of process gases are rejected in the atmosphere 
without any treatment. 


Recent studies show the existence of the generation of DLCs 
(Dioxin-Like Compounds), more specifically PCDD (Poly 
Chlorinated Dibenro-Dioxin) and of PCDF (Poly Chlorinated 
Dibenzo Furan). These POPs, which can be assimilated to 
dioxins and furans, are typical of combustion of mixed waste 
on dumpsites and present a proven toxicity level. 


In the case of aluminium foundries, it is not only a 
concentration of atmospheric pollution, but also of soil and 
water pollution, as the slag is lixiviated by rain. Direct exposure to 
these pollutants, by gaseous or liquid transmission, is particularly 
damagcable to human health and particularly to children. 


The nature of the products generated by this recycling mode 
also constitutes a danger for users. Indeed, the kitchen ware 


Origin of supply of aluminium wastes 


which are manufactured, are composed of impure aluminium 
containing namely oxidized components which, despite the 
polishing with glass paper, will be progressively released to food 
contained in the kitchen ware. 


Rational process for the recycling of Alumintum 


Industrial units which are dedicated to aluminium recycling 
and which comply with environmental norms imposed to that 
activity, proceed in three main steps: 


1. Reception, identification and weighing of waste to be recycled 
2. Sorting and purification of accepted material 
3. Transformation 


‘The first step is essential and relatively easy to set up and it 
enables the elimination of a large part of chemical and physical 
risks which could arise at shredding or clectromagnetic separation 
stages and because of the mixing of unwanted material in the 
melting process. 


The second step brings the guarantee of chemical 
standardization of the material which will be melted. It is 
also at this stage that micro pollutants will be removed by 
chemical (solvents, surfactants), mechanical (shredding) and 
electromagnetic (Foucault Current, Eddy Current Separator) 
means. 


One of the steps of this process consists in putting the 
aluminium pieces after they have bcen shred and roughly 
purified in a tape conveyor with a separator, using the principle 
of Foucault current, for the separation of pure or nearly (alloys 
and oxides) aluminium particles from those rich in ferrous metal 
and unwanted NFM (e.g. Magnesium). 


Environmental Control System (ECS) is a conveyor tape 
made with a particular magnetic field in the head, which is 
generated by high frequency polar wheel: when the non-ferrous 
metals come near to the magnetic field, they are lifted and 
“expulsed” to one appropriate collecting canal, while the inert 
materials freely fall down to another container. All iron till the 
smallest pieces, which differently from the non-ferrous metals, 
is kept by the magnetic rotor and downloaded in the proper 
container under the Eddy Current separator. 


The transformation consists in two to three steps: 


1. ‘The production of bars considered as ‘second melting’ from 
reflection or arc furnace 

2. Refining, which is an improved melting operation, integrating 
the usc of metallic or metallo-organic salts, operation which 
can be combined with the production of bars of second 
melting 


3. Lamination, which enables the production of plates and sheets 
corresponding to the standards established by industries 
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which manufacture mainly packaging or cylinder heads 
for the automobile industry 


= 
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Aluminium generated in the priority regions of KeCoMap 
is largely composed of aluminium tins and cans and is as to 
date under exploited. We can note that these packaging have an 
interior plastic coating and that they are printed on their external 
face, which necessitates a chemical purification stage before the 
melting phase. It can also be underlined that a single such box 
contains 14 g of metal and that 36 per cent of new containers 
are made from recycled aluminium. 


Itis at the melting stage that the main physical and chemical 
phenomenon which allows the production of aluminium of high 
quality occurs, without oxides or other metallic trace elements. 


Several technologies can be employed. bat the most commonly 
used and also the most accessible in terms of technology transier 
remains the reflection furnace. In this type of furnace, the fuel 
source can vary, but has to remain ina range where thermal energy 
produced has a high radiation (visible flames). and bituminous 
products have long been used for this purpose. 


However, it is pertectly possible 10 use bricks madc ol paper: 
cardboard enriched with animal or vcgctal fats or bricks made 
of dry compressed paper: cardboard to which sawdust and wood 
shavings arc added. In tact, the thermal capacity of the turnace 
will depend on the conception of the reflective dome (shape 
and refraction), the ventilation is as important as it allows the 
optimization of the proportion of combustive agent for a given 
proportion of fue). 


"The height and the diameter of the chimney are calculated 
based on the temperature of gases to be evacuated (melting 
vapors and combustion gas and also on the passing through 
of gases in the filtratiun system 


Ss Henan tceprressent sin of & retina hana 


A post combustion phase can be added in order to fix in a 
cyclone system (Venturi) the slag and Mying ashes. In the case 
of wet filtration, the cyclone also plays the role of accelerator 
and suppressor, 


‘The usc of used tyres and plastics as fuel is highly polluting 
and should be proscribed except it a high technology system of 
smoke treatment is available. In any case, operators, who wish 
to optimize an existing installation or to set up a unit which 
includes melting of bars, are recommended to acquire the most 
adapted technical engineenng. 


"Me retining meling uses a mix uf salts for the final treatment 
of aluminium of second melting. They hold the function of 
covering the metal against oxidation, or to remove the inclusions, 
the alkaline metals and the magnesium. Most of the saline 
exchanges are based on the binary systems KCI-NaCl or KCl- 
MgCl. The additives also include other chlorides, fluorides, 
nitrates, carbonates or sulphates. 


Workers uperating on aluminium recycling sites and exposed 
to fumes and melting vapors. as well as to particles emissions 
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(colloids), are subject to the development of emphysema and 
to pulmonary Abrosis. It is therefore of utmost importance to 
be equipped not only with an efficient system for treatment of 
fumes and vapors, but also of a regular aspiration protocol for 
dust generated through the process (finition and slag). It is also 
necessary to equip the workers with complete clothing, including 
gloves, protective glasses and filtering mask. 


Recycling of Lead 
Risks associated to informal recycling of Lead 


In our targeted regions, the lead recovery activities rely 
essentially on the material found in vehicle batteries. Batteries 
are composed of a sc1 of negative and positive plates, placed 
alternatively and isolated by separators. The elements of the 
battery are linked by a metallic connector which conducts 
electricity from one element to the other. 


A typical lead battery consists of 17 per cent of metallic 
lead (metal), 50 per cent of lead oxide and sulphate, 24 per cent 
electrolyte (diluted sulphuric acids), 5 per cent of plastics and 
4 per cent inert residuals. The electrodes are composed of lead 
oxides. The cathode is composed of lead sulphate and the anodes, 
of a lead alloy which can comprise antimony (main constituent), 
calcium, arsenic, copper, tin and selenium. 
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As far as recycling channels are concerned, two configurations 
are generally differentiated: the informal operators and the 
industrial Small & Medium Enterprises (SME) which can 
produce new batteries from recycled material. In both cases, 
and without presuming of a complete vertical integration, the 
process articulates through $ main steps: 


» The collection of batteries 
+ The draining of acids contained in batteries 
* The shredding and separation of components 


»* ‘The desulphurization and neutralization with production 
of Na3SO4 


» The smelting and refining 


Environmental risks associated to this activity can be 
analyzed specifically for each step of the process and the informal 
units are particularly subject to these risks. 


For the informal operators, the activity starts with the search 
for batteries at garages and mechanical workshops around 
the transfurmation site. ‘The present tendency seems to be the 


storage at garages but mainly at batteries selling points who find 
economic interest in selling this type of waste on the national! 
or international NFM recycling market. Despite this tendency 
for grouping for export, the local options for the transformation 
of raw lead bars (un-refined and non-de-sulphurized) continue 
to work. 


+ Thefirst action after collection is to drain the content of the 
batteries, most often anywhere, without any concern for the 
receiving body (soil, wetlands, rainwater drains, ctc.). Risks 
of burning through skin contact are real and pollution has 
been proven due to the corrosive nature of the electrolyte, 
its content in soluble particles and in lead dust 


» Oncethe battery is sent to the recycling site, it is opened with 
rudimentary tools and 3 manual separation is undertaken 
in order to separate the lead grills of the cardboard or of 
other elements 


» Then the lead grills are cleaned to remove any remaining 
impurity trace. The solid waste and effluents resulting from 
this cleaning operation are special wastes which are highly 
toxic, but they are only considered as domestic wastes or 
equivalent and in the best scenario, are sent to the dumping 
site 


» The cleaned lead grills are put in a pot to be melted at high 
temperatures. The fucl used is a mixture of wood, plastic 
residual material from batteries and other plastic wastes 
recovered from domestic waste 


» To optimize the combustion, it is frequent that the oil 
drained is added to the above mixture which contributes 
to the increase of emission potential of PCDD/PCDF. The 
melting operation is realized in open air or under a shelter 
and there is no treatment for combustion smoke and melting 
vapors which result in direct atmospheric release 


+ Finally, the last phase consists in the cleaning of lead in the 
pot with water and to remove the rough bar obtained. The 
lead is sold locally around 0,3 € per kilogram 
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When the combustion slag and the plastic waste are left in 
place, they create an active zone of lixiviation which generates 
deposits of heavy metals in soils. The transportation of metallic 
lead residuals, of lead oxides and sulphates into soll, is slow and 
the oxido reduction mechanisms are not very efficient. However, 
some plants are tolerant to these sources of pollution (c.g. some 
tubers) and lead colloids settle very quickly in wetlands which 
make bioaccumulation of this toxic metal possible. 


Traditional fishermen are among the regular buyers and they 
usually transform the lead bars by fractioning and sometimes 
by re-melting and moulding, in order to make the appropriate 
weights to be used for nets or fishing lines. 


At this stage, the cooling watcrs and water used for cleaning 
the bars are discharged directly in the natural environment and 
increase the pollution level of soils. 


‘To conclude on this analysis of informal practices, it can 
be noted that if the process is simple and does not require high 
investment, the quality of the product is poor when compared 
to similar industrial products. Also, we can underline that the 
environmental costs is high, both for the receiving natural bodies 
and for operators, who are often exposed to risks of being affected 
by Satanism, encephalopathy and kidney lesions. 


Rational processes for Lead recycling 
Industrial units and SME involved in the recycling of lead, 
globally follow the same steps as informal recyclers, but with 


technologies which cause much lesser damage to the environment 
and to operators. 


» First, batteries are collected in special waterproof containers 
in order to contain eventual acid discharge. The draining 
of the sulphuric acid (H2SO4) from the batteries is made 
by draining in an adapted tank equipped with a grill where 
batteries can be left until complete draining of the acid. 
‘The electrolytes are then filtered and titrated in a view to 
be sent as industrial components or to be enriched to be 
transformed in new electrolytes 


» The second operation consists in the shredding and semi- 
mechanized sorting. Indeed, since the end of the 70's, the 
box and cover constituting the batteries, tmditionally made 
of ebonite, are more commonly made of polypropylene 
nowadays. The shredding itself comprises generally 2 phases: 
1. Chipping and separation of macro particles of plastic 

and other unwanted material 


2. Fineshredding and sorting of plastic particles and other 
unwanted material 


The sorting is pneumatic or hydraulic end enables the 
recovery of a large fraction of plastic material under 
the form of reusable flakes (PP of envelopes and PVC 
or separators). 


Shredding operations and sorting are relatively simple 
to set up, but the core of the process which hes on 
the treatment of the mixture (desulphurization! 
neutralization) and on the melting‘/relining. is 


based on a technology with significant investment 
and requires excellent technical capacities and a 
sophisticated measuring system. It must be noted that 
the desulphurization of the paste before the fusion, 
allows the avoidance of rejects of gas composed of 
sulphur and simplifies the treatment of fumes. 


During the third operation, the grills of the electrodes, the 
Jead oxides and the lead sulphate, as well as the current 
conducts made of lead, will be treated betore refining bv 
melting, Indeed, the sulphur contained in the mixture before 
melting. must be eliminated in order to reduce sulphur 
emission during the melting operation 


The desulphurization comprises the following reactions 
depending on the base component used: 


1. Desulphurization: PbSOs+2N2OH brings to 
Pb(OH)z+Na25O4 or PbSOs +NaCO; brings to PbCOs+ 
Na2SOs4 


Neutralization: H2504+2NaOH brings to 2HsO+Na35O4 
or H25O4+Na2CO; brings to H3O+CO>+N2a504 


~ 


During the fourth and last operation, the desulphurized 
paste is directed towards the foundry and the refinery 
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The transformation consists in a first stage in a reduction 
of lead oxides in a rotating furnace at 950°C (sometimes in 
presence of coke at Jower temperatures). The lead obtained is 
mostly an alloy lead-antimony, the composition of which is 
adjusted before the forming of bars. This type of alloy called 
“hard lead”, is used for the manufacture of electrode grills and 
for internal and external connections. Antimony is added to 
lead in order to limit the corrosion of grills and increase the 
lifespan of accumulators. 


The re-titration by addition of ‘mother’ alloys is carried out 
in hemispheric tanks of large capacity equipped with smoke 
capture devices. The smokes are filtered and the depolluted air is 
released in the atmosphere. The treatment undertaken, produces 
residual waste and refined ashes which are entirely recycled in 
the lead loads of the rotating furnace. Their quantity represents 
8-10 per cent of the weight of treated metal. The refined and 
re-titrated metal is then purnped to a chain where bars are made 
or to a carousel. in order to be conditioned under the form of 
bars of about 30 kgs or blocks of 1 tonne. 


Itis important that the recovered lead, and in particular the 
batteries, are not melted in open air, but in specially equipped 
foundries. Workers must wear individual protective equipment 
such as face masks and must take a shower at the end of their 
work day, in order not to bring lead dust back home. 


Recycling Channels for Waste Electrical & Electronic 
Equipment (WEEE) 

This last category of NFM is relatively rare in the waste 
generated in priority regions of ReCoMap, as compared to 
the production of waste in industrialized and more advanced 
countries, but it is clear that its volume will be increasing in the 
coming years. It represents a complex source of pollution and a 
difficulty for waste managers, as many of these wastes are bulky 
and represent a visual nuisance and also accumulate rainwater, 
creating breeding and reproduction pockets for insects. Moreover, 
many of them contain toxic gases, liquids and other material 
which are difficult to extract. 


If the WEEE had to be characterized in a global way. it can 
be retained that they present the common feature of modern 
consumption, complex and integrated, thus difficult to decompose 
into primary elements which are simpler to manage and to 
treat. 


What is WEEE? 


Jt is commonly admitted that WEEE include 10 groups of 
consumer goods and equipment. In view of the complexity of 
treatment of the WEEE, industrialized countries have recently 
put in place specific measures which aim at: 


+ Centralizing the treatment units in order to improve their 
cost-eflectiveness by significantly increasing their treatment 
volume 


« Optimizing the separate collection of different objects which 
form part of the list by setting up rules and incentives to 
this effect 


If it is not always the case in developing countries, the 
initiative taken by industrialized countries, nevertheless, has 
indirect effects which must be underlined namely, the emergence 
of a new market for waste originating from WEEE or for some 
dismantled, sorted and eventually shredded components. 


Unlike aluminium and lead waste, the WEEE are not rich in 
metal as most of them are mainly composed of plastics, which 
can be recycled but are more difficult to extract than from other 
types of plastics such as plastic bottles or tetra packs. 


In fact, two elements qualify the WEEE for recycling: 


1. They are neither biodegradable nor easy to treat as final 
waste, as they release heavy metals and volatile compounds 


2. Their content in special and precious metals is low, but 
largely compensated by the large amount of this type of 
waste provided industrial recycling with high technology 
and high yield is implemented 


Beyond the complexity of this recycling channel which, 
in Europe, has benefited from recent technologies and the 
concentration of financial means in a few industrial units, 
the opportunity to prepare the ground for a costly and heavy 
treatment by developing preliminary steps namely, the dismantling 
and manual sorting, can be seen in the ReCoMap targeted 
regions. 


The 10 groups of WEEE are: 
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Difficulties and Necessity for WEEE Recycling 


When the above list is analyzed. it can be seen that the 
collection and treatment of much diversified waste has to be 
dealt with, which are all complex and expensive to treat (land 
filling or incineration), if they are not recycled. Moreover, their 
hazardousness has been characterized along with a toxicity 
presumption, when they become waste for the following sensitive 
elements: 


« Batteries and accumulators (toxic metallic compounds} 

» CFC (Chlorofluorocarbons) 

« Cathodic tubes (heavy metals, halogen compounds) 

2 PCB (Poly Chloro Biphenyl) 

» Plastic material (non-degradable, product from the burning 
of POPs) 

« Electronic cards (metal and toxic metallic compounds) 


For example, it is admitted that Cathodic tubes are composed 
of special glass with high content in heavy metals, which can be 
differentiated in three zones: 


1. The head of the tube 
2. The glass of the cone 
3. The base 


The base and the cone are welded (sintered) with very high 
content in lead (75 per cent) and zinc (11 per cent). 


‘The luminescent powder for the monochrome tubes are 
generally in zinc sulphur or cadmium and same for the coloured 
tubes but with additional products, such as yttrium and europium 
oxides, manganese, different phosphates, etc. 


A sudden opening of the tubes results in a violent draught 
which pulls off the powder from the screen and puts them in 
suspension in the air. Their ingestion can be noxious. The other 
danger resides in the fact that this material, in presence of water, 
gets off its support and is put in suspension or in solution - it 
is the lixiviation phenomenon. It occurs namely, in certain 
dumpsites where the water run-off can pollute the rivers. 


Another example is the recycling of electronic cards, which 
is very complex because of the diversity of components present. 
Electronic components arc cither plug-in (majority) or tin 
welded; the epoxy cards contain halogen components which 
can only support cold processes. The recycling process then 
follows the following steps: 


STEP 1 


In the first stage, it is necessary to detect the eventual toxic 
elements and to isolate them: mercury relay, PCB condensers, 
cell battery, and Cd/Ni battery, which must be treated as special 
wastes after labeling and containment. 


STEP 2 


The “heavy” elements are exiracted from the cards: 
translormers, ferrite or copper coil, copper relay, terruus ur 
aluminium armature, connection cables, etc. I is indeed useless 


to treat these elements by electrochemical mode or others, as 
we know their composition and they can therefore be treated 
within a specialized recycling channel tor NFM. 


STEP 3 


Some components, namely condensers, with composition 
which vary depending on the manufacturing year of the electronic 
card, are unwelded from the cards as they contain tantalum, 
a metal which oxides at 600°C with emission of toxic vapors. 


STEP 4 


Other components are unwelded from the cards to be 
shredded and treated with a hydro-metallurgic process in and 
phase (successive acid baths), in order to recover residual special 
and precious metals (gold, silver, palladium, nickel, etc.). 

STEP 5 


Elements which have a golden surface (connectors. 
components, metals, processors splinters), are soaked in a 
cyanide solution (KCN or potassium cyanide), which leads to a 
gold cyanide solution. This highly toxic operation is undertaken 
under inert atmosphere and in depression, it enables the recovery 
of the gold metal. 


STEP 6 


The residual of products are epoxy resins (fiberglass and 
resins) to which copper films are sticked. Residuals from gold 
removing baths and residuals from welding with tinflead are 
to be treated at later stages. They are incinerated in order to 
generate ashes, treated in acid phase in a new to extract the 
remaining precious metals and copper. 


STEP7 


‘The inert waste arc sent to a landfill ste. The table in the 
next page, presents the average composition of an electronic 
card. lt appears that a single unit contains only traces of specsal 
and precious metals. but it can be noted that there are mure and 
mare cards being generated nowadays. 
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cated 


Materts! Kg/Toane 
Epoxy & Fibre Glass Support 711.00 
Copper EE OE 
Tin 6.230 62.30 
Iron EO ET 
Lead ET EC 
Nickel 1310 
Aluminium 5.90 
Magnesium । ୦.୦୪4୨ । 0.49 
Chromium ୮ ୦୦4୫ । 0.46 
Gold 0.023 0.23 
Silver OC I 
Antimony । ଠ୦୪ । 0.20 
Caum OC 
Pam 008 
Cadmium 08 
Potassium ¦ ୦୦୨ । 0.02 


At the same time, the energy cost associated to the production 
of virgin metal or a metallic component made of virgin metal, 
is rising rapidly. Moreover, the environmental constraints are 
developing and putting pressure on industrials who know that 
their ecologic footprint is better when they use recycled material. 


If it is not opportune to propose in the context of this TN 
that complete recycling channels are studied and installed in the 
priority regions of ReCoMap, it is nevertheless true that some 
preliminary phases could be set up prior to the transformation. 
Indeed, while industrialized countries invest in high technologies, 
it remains possible to set up workshops where some of the 
fractioning can be performed with profitability. 


Elementary simplified froctioning of some WEEE 


The following table indicates some options for the setting 
up of workshops with the objective of grouping, sorting and 
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dismantling (primarily) the WEEE, in a view to negotiate the 
sales at optimized market price. 
Conclusion 

Resource conservation, waste minimization and pollution 
prevention should be the guiding principles for sustainable 
industrial growth. Proactive and preventive approaches will 
only make the NFM industry environment friendly. Recycling 
of metals should have the top priority since it is cost-effective, 
conserves minerals & encrgy and is also less polluting. Zero 
discharge concepts should be encouraged by the industry. 
Industry should work towards obtaining ISO: 14,001 certification 
which helps in addressing the environmental issues in a most 
comprehensive and economic way. 
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Abstract 


Red Mud is considered as one of the hazardous waste materials generated during the 
processing of Bauxite for production of alumina using caustic soda employing the Bayer’s 
Process. Presently Red Mud is discharged into the nearby Red Mud ponds which are 
located in the vicinity of alumina refineries. Red Mud of Indian Origin contains around 45- 
55% Fe,O;, 10.69% TiO;,, 20.42% ALO;3, 8.72% SiO; and other associated oxides in minor 
quantities. This composition of Red Mud can be considered as rich source of iron. No 
significant efforts have been made so far for exploitation of Red Mud for production of 
iron in commercial scale though some research activities have been reported. 


R&D activities centered around production of DRI from iron ore have been successfully 
achieved and reported from this Institute by employing Microwave Hydrogen Plasma 
Reactor process using hydrogen as reductant at a low temperature of 600-800°C. In the 
present study, similar process has been employed for production of DRI from Red Mud 
using the same Reactor. The DRI produced in the process has been characterized through 
mineralogical and chemical analysis. The by-product “water” produced in the process can 
be recycled when the process is carried out in a commercial scale. 


Keywords: Red mud 1, microwave hydrogen plasma reactor 2 , green direct reduced iron 
3, water 4. 


1. Introduction 


Red Mud of Indian origin contains around 55% plus of Fe;O; and is considered as a 
hazardous waste material for the alumina industry which is generated in the order of two 
tones of Red Mud per one tone of alumina produced from bauxite. The worldwide alumina 
production is around 58 million tonnes in which India counts for 2.7 million tonnes. India 
produces around 5.4 million tonnes of Red Mud per annum from its various alumina 
refineries. 


Major players in the Indian aluminium sector are INDAL, BALCO. HINDALCO, 


NALCO,MALCO, and Vedanta Alumina Ltd. Application of Red Mud for production of 
different value added items like Portland cement [1. 2], bricks & blocks. tiles, paints & 
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pigments, soil amending agents. fibre reinforced polymer composites for building 
materials as wood substitutes [3] etc., have been tried out by many researchers throughout 
the world. However these applications have resulted in partial utilization of Red Mud and 
bulk utilization of Red Mud still remains as a challenge before the global aluminium 
community. Since iron constitutes as a major ingredient of Red Mud amounting to around 
53.6%. thc scope of its recovery for production of DRIis considered as a scientific& 
technological challenge. Efforts have been made for production of pig iron from NALCO 
Red Mud by application of plasma smelting technology[4].Since the processes so far 
developed for production of pig iron employing Plasma Smelting Technology was not 
devoid of environmental pollution, the efforts were directed for production of Green DRI 
by using Microwave Hydrogen Plasma Reactor, considered as a novel and state- of -the - 
art technology and more so free from environmental hazards. The only by-product that is 
produced in the process is ‘water’ which can be recycled for meeting proccss requirements 
during scale up of the operation. The process is novel and unique in character and is 100% 
eco-friendly. 


2. Raw Materials 


The raw material used for the process was the Red Mud of Indian origin having the 
following chemical compositions as given in Table 1. The other raw material used for the 
study was hydrogen gas with 99.9% punity. 


Table 1: Typical Composition of Indian Red Mud 
Input FeO; SiO, TiO; 


ALO; Na,0 MgO CaO 
Material 1 (%) {1 (%) [(%) (%) | (%) 1 (%) !(%) ।(%) 
indian Red (53.6 220 [488 ୮୫29 ୮0୦21 ୮୦54 ୮୨୭3୦ 
Mud 


3. Experimental 


The Red Mud of Indian Origin was subjected to crushing and grinding to bring the size up 
to -100 mesh which was then pelletized to 40X10°m diameter and 3X10°m height using 
an electrically operated automatic briquetting press by addition of 1-2% of water with 
respect to the amount of sample taken for the study. This was then dried in the oven at 
100°C for 2hrs. The dried pellet was then subjected to Hydrogen Plasma Reduction in 
Microwave Hydrogen Plasma Reactor. The experimental parameters like Flow of 
Hydrogen, Reduction Temperature, Reduction Time, Pressure, and the Power input were 
studied for the reduction of iron content in Red Mud for production of Green DR. The raw 
materials and the products were analysed for their chemical compositions and 
mineralogical characters. The reduction studies were carried out as per the process flow 
sheet given in Figure 1. 
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Red Mud 


Crushing & Grinding 
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Pellet Making 
{Under 2 ton Pressure) 


Pellet 
(40mm Dia X 3mm Thickness) 


Drying in Oven 
{100°C for 2hrs) 


Dried Pellet 
Hydrogen Gas | {40mm Dia X 3mm Thickness) 


Microwave Hydrogen 


WwW 
Plasma Reactor ater Vapour 


Green Direct Reduced iron (DRI) 


Figure 1: Process Flow Sheet for the Production of Green Direct Reduced Iron 
(DRI)from Red Mud 
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3.1 Microwave Hydrogen Plasma Reduction Process 


The reduction of raw Red Mud pellet was carried out in a specially built Microwave 
Hydrogen Plasma Reactor of 6kW power for production of Green DRI. The plasma is 
generated by Microwave assisted thermal plasma process. The Schematic Diagram of 
Microwave Hydrogen Plasma Reactor with in-situ photograph of Reactor Chamber is 
shown in Figure 2. The system has provision to inject Hydrogen gas from the top into the 
chamber through a safety valve and the flow of the gas can be controlled by a mass flow 
controller. The temperature of the Molybdenum sample holder is measured by means of an 
IR Pyrometer. The microwave power can be varied to generate the plasma over a range of 
temperature. The high frequency waves interact with the hydrogen gas to produce the 
hydrogen plasma. The plasma produced in this manner covers a region up to about 6X 10° 
to 8 X 10° m above the sample. The hydrogen molecules enter the plasma zone and 
become part of it. The hydrogen molecules under the influence of plasma dissociate in to 
atomic and ionic forms which reduces the iron oxide present on the surface of Red Mud 
pellet into metallic iron. These ionic charged particles of hydrogen recombine immediately 
in to hydrogen molecules when they exit from the plasma zone. 


In all the experiments, samples were kept on a Molybdenum sample holder. and the sample 
holder was in tum placed at the centre of the reactor chamber. Since the rector chamber is 
water cooled. the outer surface of the chamber remains at room temperature during the 
experiments. The extent of reduction with variation in process parameters, such as 
microwave power, hydrogen flow rate. pressure, temperature and time, was recorded by 
noting the loss in weight of the pellet. After each experiment, the reduced Red Mud pellet 
sample as shown in Figure 3 was ground and mixed well, and then a representative sample 
was taken for analysis. An X’Pert PRO-PAN analytical model No. 3040160 was used for 
X-Ray Diffraction (XRD) studies of the phases in the reduced Red Mud pellet. The 
quantitative estimation of the phases was done by using the wet chemical analysis 
procedure for the total iron, metallic iron, ferrous iron. silica and alumina. The Table 2 
describes the chemical analysis result of the reduced red mud pellet. 


Table 2: Chemical Analysis of Reduced Red Mud Pellet 


ALO4 
(%) 


| Input | Fe(T) | Fe(M) . FeO 
| Material  (%) (%)  (%) 


Red |! 87.89  । 77.95 12.00 
: Mud Pellet | 


Digitized by srujanika@gmail.com 


Strategy for Development of Mineral Based Industries in Odisha 


pp —————— nn mer ee es i i tin i rn ee ie i Ll lien ll ml ee ee 


Schematic: Microwave Hydrogen Plasma Reactor 


in-situ analyses 
Hydro gen ges 
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Water inlet | \ 
Water outlet 


Sample holder 


Source( 6kW) 


Innerview of 
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Figure 2: Schematic Diagram of Microwave Hydrogen Plasma Reactor with in-situ 
photograph of Reactor Chamber 
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Before Reduction 
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Microwave Hydrogen Plasma Reactor 


“After Reduction 
Green Direct Reduced Iron (DRI) 


Figure 3: Microwave Hydrogen Plasma Reduction of Raw Red Mud pellet for 
production of Green Direct Reduced Iron (DRI) 


4. Results and Discussions 


There is no doubt that hydrogen can be used as a reducing gas in direct reduction processes. A 
careful analysis of the literature shows that iron oxides can be reduced by hydrogen gas and in this 
contest, a series of relevant reactions are as follows: 


3Fes0; + 3 Hs = 2 Fe3Oy + 3 H3O--mmmnmnenennnnannwscnnenmsnmnanieemineninn aime (1) 

w/(4w-3)Fe:04 +H = 3/(4w-3)Fe.O +H2O ----mecavnenereenewocomencnm eines (2) 

FeO + Hs = w Fe + HO --e-mecmnwomenenmnoewen une nninnn nanan onan - (3) 
Fe;0, = 4 Hs = 3Fe + 4 H2O ---mrnccmcwemmennnneen enero ennai eae (4) 
2H; + Os = 1p PO (5) 
2Fe — Os - 2F CO -mmnnnanennenenomnennnn onan oa onion nme reeneman amare (6) 
4H + 0: = 2H5O-mmmnrnnnnnnanenaneemnnn nace enema neon oan innaee eames (7) 
4H” + 20” = 2H5O-mwmmennnanannnnnn anna naan nomena onan aeaaennnnmn nn anmeame (8) 
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It has been shown that molecular hydrogen is a good reductant for iron oxides, which follows the 
reactions (1)-(3). In these reactions, w is the atomic ratio of iron to oxygen in wistite and is known 
to vary from 0.95 along the wistite-iron boundary to 0.85 along the wiistite-magnetite boundary. 
Bellow 833K wiistite is unstable and hence magnetite is reduced directly to metallic iron as per 
reaction (4). It is also known that reactions (2) & (3) are endothermic at any temperature, where as 
reaction (1) is weakly endothermic in the temperature range 827- 913K and exothermic at other 
temperatures. Figure 4 presents the Ellingham-Richardson- Diagram showing the reducing 
potential of hydrogen (5) in comparison to other reactions, is transformation of FeO to Fe as shown 
in reaction (6). As seen from Figure 4, molecular hydrogen reduced Fe,O; and Fe;O, quite easily, 
though AG°values for reactions (5) & (6) are much closer. However, it is also seen from the 
Figure3 that AG° values for reactions (7) & (8), involving atomic and ionic hydrogen species 
respectively, are very high and negative in comparison to reaction (5), which involves molecular 
hydrogen. The two species H and H’ are provided by the plasma. In other words, in the plasma 
state, both H and H can coexist. In hydrogen plasma smelting reduction process, these plasma 
states of hydrogen do also exist for production of iron{5 -10). 


Figure 4: Ellingham-Richardson- Diagram 


A 
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Keeping thesc in view. efforts were directed for production of Green DRI from the Red Mud of 
Indian origin which contains good amount of iron oxide using Microwave Hydrogen Plasma 
Reactor. Experiments were conducted to ascertain the possibility of reduction of iron oxide present 
in Red Mud in to iron using various experimental parameters. The results were shown in Table 2. 


4.1 Effect of Time 


The hydrogen gas starts reacting with the iron oxide present in the Red Mud Pellet from the surface 
itself and gradually it penetrates inside the body of the pellet for which reduction timc plays an 
important rolc. The experiments wore carmicd out at various reduction timc intervals Keeping other 
parameters constant as shown in Tablc 3. From Table 3, it is observed that the percentage reduction 
of iron oxide present in Red Mud Peilet into iron increases with increase in time and at 120minutes, 
it becomes 98.23 © and that too at a low temperature of 300°C. Further, the XRD results at Figure 
5 indicate that how over the passage of time, the iron peaks gets prominence and its presence is 
established. 


Table 3: Reduction of compacted Red Mud Pellet by Microwave Hydrogen Plasma at various 
time intervals (Temperature: 300°C, Microwave Power: 0s Pressure: 5.33 X 10° Pa, 
Hydrogen Flow Rate: 3.33 x 10 * m’s") 


15.023 14.170 20.18 


15.015 13.150 45.69 
60 


14.910 Po 210 70.56 


11. Me DN 98.23 


4.2 Effect of Temperature 


As seen in Table 3, even at a low Temperature of 300°C, a percentage reduction of 98.23 was 
achieved at a time interval of two hours duration. Accordingly, further experiments were carried 
out to see both the effect of temperature and time on percentage reduction of iron oxide present in 
Red Mud pellet. The results obtained from these studies are shown in Table 4 , which indicates that 
percentage of reduction of iron oxide present in Red Mud Pellet increases from 70.56 to 99.3 with 
increase in temperature from 300 to 800°C keeping reduction time 60 minutes as constant. From 
the results of Table 3 and Table 4, it can be derived that percentage reduction of iron oxide is faster 
at a higher temperature (800°C) than at 300°C. lt may be because of the fact that more and more of 
excited hydrogen species are taking part in the reduction process as temperature gradually 
increases. The XRD results indicate the prominence of iron peaks with variation in temperature 
(Figure 6). 
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Figure 5: XRD Diffraction plots for Red Mud Pellet reduced by Microwave Hydrogen 
Plasma at various time intervals 


Table 4: Reduction of compacted Red Mud Pellet by Microwave Hydrogen Plasma at various 
Temperatures (Time: 60 min, Microwave Power: 750W, Pressure: 6.66 X 10° Pa, Hydrogen 
Flow Rate: 3.33 x 10 * m’s") 


ଷ weight weight ସୁ 


Temperature 
(°c) 


[sm en me 
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Figure 6: XRD Diffraction plots for Red Mud Pellet reduced by Microwave Hydrogen 
Plasma at various temperatures 


5 Eco-friendly Process 


The conventional process of iron making through DRI route has limitations. It requires higher 
temperature of around 1200°C to convert iron oxide in to metallic iron. In the other hand, the 
present process needs low temperature of around 300°C only to carry out the reduction and is more 
energy and cost effective. Furthermore, the process is green in character as it is carbon frec and 


environmental friendly and generates ‘water’ in the process as a by-product which can be recycled 
when used in the commercial process. 


6 Conclusion 


From the above experimental evidences and observations, it can be concluded that Red Mud 
containing around 53.6% Fe,;O; and some appreciable quantities of Al;O; and other associated 
metal oxides in minor quantities, can very well be reduced to Green DRI by application of 
Microwave Hydrogen Plasma technology. The process has been successfully established in the 
laboratory scale and needs to be scaled up to pilot scale of operation before its commercial 
feasibility is established. CSIR-IMMT, Bhubaneswar, Odisha, India is in possession of laboratory 
scale technology for production of Green DR] from Red Mud of Indian origin and the know-how is 
readily available for commercial exploitation. 
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Abstract 


Red mud is produced in huge quantities during the processing of bauxite for the production of 
alumina. So far, few economically attractive processes have been developed for bulk utilization of 
red mud. Researchers are trying to develop interesting processes and products from this waste 
material; success achieved so far is restricted to laboratory, pilot scale, isolated or minor volume 
utilization applications and processes. Red mud of Indian origin contains around 45 - 55 % Fe;O;, 
11 % TiO., 20 % AlsO;5, 9 % SiO; and other associated oxides in minor quantities. Iron being the 
major component, bulk utilization of red mud will be difficult without an economically and 
technically viable process being developed for the production of iron from red mud. Indian iron ore 
containing 45 % Fe;O; is considered as the cut-off grade for the economic production of iron. 
Accordingly, red mud of Indian origin can be considered as a low grade iron ore. The present study 
examines the processing of Indian red mud by Low Temperature Hydrogen Plasma for the 
production of iron in eco-friendly manner at laboratory scale. The iron produced contains 95 % Fe 
with low carbon and sulphur. Water, which can be recycled, is produced as a by-product of the 
process. 


Kev words: Red mud; hydrogen reduction; microwave hydrogen plasma reactor; iron from red 
mud. 


1 Introduction 


Red mud is a byproduct generated during the processing of bauxite with caustic soda utilizing the 
Bayer process. It is considered as a hazardous material and till today few economically interesting 
applications or processes have been developed for its bulk utilization. Researchers have tried to 
produce pig iron from red mud by the application of plasma smelting technology [1], production of 
pig iron and portland slag cement from red mud by application of novel thermal plasma technique 
{2], production of ordinary Portland cement (OPC) from red mud [3], and processing of red mud for 
the production of wood substitute materials [4]. All efforts in this direction have so far been 
restricted either to laboratory or pilot scale processes. Iron oxide is a major constituent of red mud 
and for this reason it can very well be considered as a low grade iron ore. Red mud of Indian origin 
contains around 45 — 55 % Fe;Os, 11 % TiO... 20 % AlO;, 9 % S10; and other associated oxides in 
minor quantities. The quantum of generation of red mud by the alumina industries all over the 
globe warrants its gainful utilization in bulk quantities. An important option available presenting 
to researchers is extraction of iron from red mud in a most eco-friendly manner. 


The reduction of FeO; present in red mud to metallic iron can be achieved either by carbothermic 
or hydrogen reduction processes. The carbothermic reduction process involves a blast furnace route 


pr 
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for production. However, this proccss is not free from pollution and emits large quantities of 
carbonaceous gases which add to global warming. It has been estimated that for production of one 
tone of iron, around three tones of green house gases are generated. Under the circumstances, 
industry have few other alternatives but to follow an eco-friendly (and lower energy cost) path way 
for production of iron through a hydrogen reduction process. Researchers elsewhere have tried to 
produce metallic iron from iron ore employing the hydrogen reduction process by using hydrogen 
gas as reductant in a high temperature furnace [$]. This process has limitations, such as it being a 
time consuming process associated with low yicld and moreover, consumption of hydrogen gas 
was also increased. 


The answer to this challenge lies with the state-of-the-art technology for production of metallic 
iron from iron ores by application of the low temperature Microwave Hydrogen Plasma Reduction 
route. Through this route. iron was extracted successfully from iron ores as Direct Reduced Iron 


[6]. 


Once researchers successfully accomplished such an eco-friendly reduction process. the process 
know- how was then suitably replicated for production of iron from red mud through application of 
a Low Temperature Microwave Hydrogen Plasma Reduction Process using hydrogen gas as a 
reductant. The product so obtained contains 95% Fe with low carbon and sulphur. The process is 
eco-friendly and free from carbon. Moreover, ‘water’ is generated in the process as a by-product 
which can be recycled when commercially used. 


2 Raw Materials 


The red mud of Indian origin was used as principal raw material for the study. The mineralogical 
composition and chemical analysis of red mud are furnished in Figure 1 and Table 1 respectively. 
The other raw materials used for the study were hydrogen gas of 99.9% purity and argon gas. 
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Figurel. Mineralogical composition of red mud of Indian origin. 
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Table 1. Typical chemical analysis of Indian red mud. 


Input material li lad A N»a;0 | Mg0 |! CaO 


Cndinnred md [538 [189 [220 [ 488 hte 


3 Experimental 


A red mud sample was subjected to crushing and grinding to bring the size 10 -100 mesh which 
was then pelletized to 40 mm diameter and 3 mm height using an electrically operated automatic 
briquetting press by addition of | - 2 % of water with respect to the amount of sample taken for the 
study. This was then dricd in the oven at 100 °C for 2 hours. The dried pellet was then subjected to 
Hydrogen Plasma Reduction in Microwave Hydrogen Plasma Reactor. The cxperimental 
parameters like flow of hydrogen, reduction temperature, reduction time, pressure, and the power 
input were studied for the reduction of the iron content in red mud to produce direct reduced iron 
(DRI). The raw materials and the products were analyzed for their chemical compositions and 
mineralogical characters. The reduction studies were camied out as per the process flow sheet given 
in Figure 2. 


3.1 Microwave Hydrogen Plasma Reduction Process 


The reduction of the raw red mud pellet to produce DRI was camed out in a specially built 
Microwave Hydrogen Plasma Reactor of 6 kW power. The plasma is generated by microwave 
assisted thermal plasma process. The schematic diagram of Microwave Hydrogen Plasma Reactor 
with in-situ photograph of the reactor chamber is shown in Figure 3. The system has provision to 
inject hydrogen gas from the top into the chamber through a safety valve and the flow of the gas 
can be controlled by a mass flow controller. 


The temperature of the molybdenum sample holder is measured by means of an infrared (IR) 
pyrometer. The microwave power can be varied to generate the plasma over a range of 
temperatures. The high frequency waves interact with the hydrogen gas to produce the hydrogen 
plasma. The plasma produced in this manner covers a region up to about 6 to # cm above the 
sample. The hydrogen molecules enter the plasma zone and become part of it. The hydrogen 
molecules under the influence of plasma dissociate in to atomic and ionic forms which reduces the 
iron oxide present on the surface of red mud pellet into metallic iron. These ionic charged particles 
of hydrogen return immediately to hydrogen molecules when they exit from the plasma zone. 


In all the experiments. samples were kept on a molybdenum sample holder. and the sample holder 
was in turn placed at the centre of the reactor chamber. Since the rector chamber is water cooled. 
the outer surface of the chamber remains at room temperature during the experiments. The extent 
of reduction with the variation in process paramcters, such as microwave powcr. hydrogen flow 
rate, pressure, temperature and time, was recorded by noting the loss in weight of the pellet. After 
cach experiment, the reduced red mud pellet sample was ground and mixed well, and then a 
representative sample was taken for analysis. An X Pert PRO-PAN nnalyucal model No. 3040160 
was used for X-Ray Diffraction {(XRD) studies of the phases in the reduced red mud pellet. The 
quantitative estimation of the phases was donc by using the wet chemical anal sis procedure for the 
total iron, metallic iron, ferrous iron, silica and alumina. Table 2 describes the chemical analysis of 
the reduced red mud pellet. The schematic diagram of the process Amow how employed is gnen in 
Figure 2. 
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Green Direct Reduced iron (DRI) 


Figure 2. Process flow sheet for the production of green direct reduced iron (DRI) from red mud. 


Table 2. Chemical analysis of reduced red mud pellet. 


Input material Fe(T) | Fe(M) FeO §i0, TiO, i Al;O3 
(%) (%) (%) (%) (%) । (%) 
। Reduced red mud pellet 
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Schematic: Microwave Hydrogen Plasma Reactor 
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Figure 3. Schematic diagram of microwave hydrogen plasma reactor 


4 Results and discussions 


There is no doubt that hydrogen can be used as a reducing gas in direct reduction processes. A 
careful analysis of the literature shows that iron oxides can be reduced by hydrogen gas and in this 
contest, a series of relevant reactions are as follows: 


3Fe20; + 3 Hs = 2 Fe;0s + 3 H:O (1) 
w/(4w-3)Fe;Os+ Hs =3/(4w-3)Fe.O0 +H;0 (2) 
FeO + H, = w Fe+ H;0 (3) 

Fe30; + 4 H; = 3Fe + 4 H50 (4) 

2H; + O; = 2H:0 (5) 

2Fe +O; = 2FcO (6) 

4H + O, = 2H;0 (7) 

4H” + 20” = 2H;0 (8) 


It has been shown that molceular hydrogen is a good reductant for iron oxides, which follows the 
reactions (1) - (3). In these reactions, w is the atomic ratio of iron to oxygen in wistite and is 
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known to vary trom 0.95 along the wiistite-iron boundary to 0.85 along the wilstite-magnetite 
boundary. Below 833 K wistite is unstable and hence magnetite is reduced directly to metallic iron 
as per reaction (4). lt is also known that reactions (2) and (3) are endothermic at any temperature, 
where as reaction (1) is weakly endothermic in the tomperature range 827- 913 K and exothermic 
at other temperatures. 


Figure 4 presents the Ellingham-Richardson Diagram showing the reducing potential of hydrogen 
(5) in comparison to other reactions, its transformation of FeO to Fe as shown in reaction (6). As 
seen from Figure 4, molecular hydrogen reduces Fe;O; and Fe3Os quite easily, though AG’ values 
for reactions (5) & (6) are much closer. However, it is also seen from the Figure 3 that AG® values 
for reactions (7) & (8), involving atomic and ionic hydrogen species respectively, are very high and 
negative in comparison to reaction (5), which involves molecular hydrogen. The two species 
H and H are provided by the plasma. In other words. in the plasma state, both H and H’ 
can coexist. In the hydrogen plasma smelting reduction process, these hydrogen plasma states do 
also exist for production of iron {7 - 9]. Keeping thesc in view, efforts were directed at the 
production of iron from the red mud of Indian origin using the Microwave Hydrogen Plasma 
Reactor, using various experimental parameters. The results were shown in Table 2. 


I, NO AA 


ah 
= 
| 
¦ 
1 
¦ 
1 
Hao 


Figure 4. Ellingham-Richardson- Diagram. 
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4.1 Effect of time 


The hydrogen gas starts reacting with the iron oxide present in the red mud pellet from the surface 
and gradually penetrates the body of the pellet for which reduction time plays an important role. 
The experiments were carried out at various reduction time intervals keeping other parameters 
constant as shown in Table 3. From this table, it is observed that the percentage reduction of iron 
oxide to iron present in red mud pellet increases with increasing time. At 120 minutes, reduction is 
98.23 %, and that at a low temperature of 300 °C. The XRD results in Figure 5 indicate that over 
time, the iron peaks become prominent, and its presence is established. 


Table 3. Reduction of compacted red mud pellet by Microwave Hydrogen Plasma at various 
time intervals (temperature: 300 °C, microwave power: 750 W, pressure: 5.33 kPa, hydrogen 
flow rate: 3.33 mL/s). 


Initial weight (g) | Final weight (g) 


15.023 14.170 


DCN NC INC HN 


Reduction (%) 


14.910 12.210 
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Figure 5. XRD Diffraction plots for red mud pellet reduced by Microwave Hy ydrogen Plasma 
at various time intervals. 
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4.2 Effect of temperature 


As seen in Table 3, even at a low Temperature of 300 °C, a percentage reduction of 98.23 was 
achieved at a time interval of two hours duration. Accordingly, further experiments were carried 
out to see both the effect of temperature and time on percentage reduction of iron oxide present in 
the red mud pellet. The results obtained from these studies are shown in Table 4 , which indicates 
that the percentage reduction in the pellet increases from 70.56 to 99.3 with increase in temperature 
from 300 to 800 °C, keeping reduction time a constant 60 minutes. From the results of Tables 3 
and 4. it can be concluded that the percentage reduction of iron oxide is faster at a higher 
temperature (800 °C) than at 300 °C. It may be because of the fact that more and more of excited 
hydrogen species are taking part in the reduction process as temperature gradually increases. The 
XRD results indicate the prominence of iron peaks with variation in temperature (Figure 6). 


Table 4. Reduction of compacted red mud pellet by microwave hydrogen plasma at various 
temperatures (time: 60 min, microwave power: 750 W, pressure: 6.66 kPa, hydrogen flow 
rate: 3.33 mLs). 
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Figu igure re 6, XRD Diffraction plots for red mud pellet reduced by Microwave Hydrogen 
Plasma at various temperatures. 
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4.3 Reaction mechanism at the surface of the red mud pellet 


In the Microwave Hydrogen Plasma Reactor, the hydrogen gas passes from the top of the reactor 
through the plasma zone and comes in contact with the surface of the red mud pellet. At the surface 
of the pellet, the gas-solid reaction takes place. Figure 7 indicates the path way of the reaction 
mechanism from raw red mud pellet to iron. In the context of gas-solid reaction, in addition to ionic 
and atomic species of hydrogen, the role of vibrationally excited hydrogen molecules has also bccn 
emphasized in the literature [2]. It has been reported that vibrationally excited hydrogen molecules 
stimulate the chemical process through their surface dissociation and diffusion of hydrogen atoms 
into the crystal! structure of iron oxide present in red mud pellet. The experimental data of P. Rajput 
et al [2] provide evidence to the presence of vibrationally excited hydrogen molecules. Therefore, 
similar reaction mechanism may also be happening at the surface of the red mud pellet for the 
production of iron. Accordingly, it can be concluded that vibrationally excited hydrogen molecules 
arc probably the species responsible for reduction of iron oxide present. Another alternate 
possibility may be the contribution of the atomic and ionic specics of hydrogen plasma as a catalyst 
to drive reduction of iron oxide in the pellet. However, more studies are required to obtain further 
insight with respect to reaction mechanism at low temperature. 


hh 
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After Reduction : 
Green Direct Reduced Iron (DRI) 


Figure 7. Microwave Hydrogen Plasma reduction of raw red mud pellet for production of 
Green Direct Reduced Iron (DRI). 


5 Eco-friendly process 


The conventional process of iron making through DR! route has limitations. {t requires a high 
temperature of around 1200 “C to convent iron oxide in to metallic iron. The process presented here 
on the other hand, needs only a temperature of around 300 “C to carry out the reduction and is more 
energy and cost effective. The process is green in character as the central process is carbon free and 
environmental friendly, and generates ‘water’ in the process as a by-product which can be recycled 
when used in the commercial process. 
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6. Conclusions 


From the above experimental evidences and observations, it can be concluded that red mud 
containing around 53.6 % Fe;O; and some appreciable quantities of AIO; and other associated 
metal oxides in minor quantities. can very well be reduced to iron by the application of Microwave 
Hydrogen Plasma technology. 


The process has been successfully demonstrated at laboratory scale, but needs to be demonstrated 
at pilot scale bctore its commercial feasibility is established. CSIR-IMMT, Bhubaneswar. Odisha. 
India is in possession of laboratory scale technology for production of iron from red mud of Indian 
origin and the know-how is readily available for commercial exploitation. 
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ABSTRACT 


Aluminium Industry generates mainly two types of wastes viz. Red Mud in the Alumina 
Refinery and Spent Pot Lining Materials (SPL) in the Aluminium Smelter Plant. For 
carrying out smelting operations, Indian Aluminium Industry fully depends on coal based 
Therma! Power Plants generating huge quantities of Fly Ash which is pumped in the slurry 
form in to the nearby Ash Pond for necessary storage & disposal. Around 4.2 million tones 
of Red Mud are generated by the Alumina Refineries of India which are safely disposed 
and stored in the nearby Red Mud Pond. Various technological options have been studied 
for utilization of Red Mud and many Red Mud based value added products/ processes 
have been developed and patented. Similarly, SPL generated in different Aluminium 
Smelter Plants of India is stored in concrete pits as per the guidelines stipulated by the 
Environmental Statutory Authorities. Some SPL based value added products and processes 
have been successfully developed ‘in the laboratory /pilot plant scale and patented for 
commercialization. Around 100 million tones of Fly Ash is generated in India per annum 
from around 300 million tones of Coal consumed in different Thermal Power Plants for 
generation of around 98,000 MW of Power. Fly Ash have been successfully tried out in 
many application frontiers for development of different value added products/ processes 
and its bulk utilization. 


Key Words: Waste Utilization, Aluminium Industry, Red Mud, SPL & Fly Ash 
Introduction: 


Bauxite is the buzz word now in Indian mining as the present is being built on it and the 
future of India will rest on it. And in India we have huge bauxite resources. India’s 
position is 4® in the world after Guinea, Australia and Brazil with a resource of more than 
3 billion tones of bauxite, out of the total world reserves of 35 billion tons. Alone. the state 
of Orissa is bestowed with huge metallurgical grade bauxite resources estimated to be in 
excess of 2 billion tons. However, the Alumina Production capacity in India is only around 
3.5 million tons against world alumina production capacity of approx 85 million tons. 
Looking into vast bauxite deposits of Indiu, and the ever expanding market for aluminium, 
a number of National and International companies in the last two decades made consistent 
efforts to establish Alumina and Aluminium Complex in Orissa and Andhra Pradesh after 
successful commissioning of NALCO Alumina Refinery at Damanjodi. Orissa in 1986. 
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The major bauxite deposits in Orissa are located along East Coast belt and most of the 
deposits are gibbsite in nature and are considered as one of the best deposits in the world. 


Experimental: 


(A) Utilization of Red Mud: 

In the Bayer Process of Alumina Refining, for every ton of alumina produced around 1.2 
tons of Red Mud is generated which is disposed in the slurry form in the nearby pond 
made specifically for the purpose. Indian Aluminium Industry produces around 4.2 million 
tons of Red Mud per annum. NALCO generates 2.033 million tons, BALCO 0.300 million 
tons, HINDALCO 1.80 million tons and MALCO 0.180 million tons per annum. Typical 
Chemical Composition of Red Mud is furnished in Table-1. 


Table-} Chemical Composition of NALCO Red Mud: 


Application of Red Mud: 
Various application of Red Mud has been attempted with many national and international 
institutes of repute and considerable success has been achieved in this regard. They are: 


(1) Development of Red Mud Cement (Ferrite Cement) in Collaboration with Nationa! 
Council for Cement and Building Materials (NCB), Ballavgarh. Haryana. This 
process has been patented. 

(11) Development of Red Mud Bricks in Collaboration with Institute of Minerals and 
Materials Technology (Formerly known as Regional Research Laboratory), 
Bhubaneswar [1-3]. 

(111) Development of Red Mud Fiber Reinforced Polymer Composites for Building 
Components as Wood Substitute in Collaboration with Advanced Materials and 
Processes Research Institute (Formerly known as Regional Research Laboratory), 
Bhopal [{ 4]. This process has been patented. 

(iv) Recovery of Iron from Red Mud through Romelt Process in Collaboration with 
Moscow Institute of Steel and Alloys (MISA), Moscow. Russia. 

(v) Study on Effect of Red Mud- Lime Flux Treatment on the Microstructure and 
Mechanical Properties of Steel in Collaboration with Indian Institute of Technology, 
Kharagpur West Bengal {5]. This process has been patented. 

(B) Utilization of SPL: 


The Aluminium Electrolysis Cells are lined with Carbonaceous Materials and have a life of 
approximately, 5-6 years after which a pot needs to be relined with carbon cathode blocks. 
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Valuable materials like carbon, soda and fluorine need to be recovered for recycling and 
putting in to some good use. Indian Aluminium Industry produces around 12,000tons ton 
of SPL per annum which needs to be effectively used. 


Chemical Composition of SPL: 

SPL contains both Carbonaceous and Refractory portions. Their compositions are 
furnished in Table -2. 

Table-2 Chemical Composition of SPL. 

Constituents % by Wt. । 

Refractory Portion | 

50-52 
12 
12-20 
40-50 
3-4 
13:15 


Application of SPL: 
Various In-house and Collaborative R&D Projects have been successfully undertaken with 
reputed National R&D Institutions in this regard. They are: 


(i) Characterization of SPL und Development of Process Flow Shect for Extraction of 
Valuables like Carbon and Fluoride Salts of Sodium and Aluminium in Collaboration 
with Jawaharlal Nehru Aluminium Research Development and Design Centre 
(JNARDDC), Nagpur. 


(1i) Development of SPL Cement in Collaboration with NCB, Ballavgarh. Haryana. The 
process has been patented. 


(iii) Investigation on Utilization Potential of SPL as Co-fuel in the Boilers of Coal based 
Thermal Power Plants in Collaboration Central Fuel Research Institute, Dhanbad. The 
process has been patented. 


(iv) Management of SPL -— A Hazardous Waste Material of Aluminium Smelter Plant: A 
Pilot Plant Study in Collaboration with Institute of Minerals and Materials 
Technology. Bhubaneswar (6-11). 


(C) Utilization of Fly Ash: 


In India , most of the Thermal Power Plants use bituminous coal as fuel, which contains 
high amount of ash (up to 40%), sulphur (0.2-0.6 %). and heavy metals in varying 
proportions, where as the coal produced in countries like the USA is rich in sulphur (2% ) 
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and contains only 5-10% Ash. A typical modern coal fired station in India burns 
0.7T/MWfhr of coal and will consequently generate ash @0.28 T/MW/hr. There are about 
82 Thermal Power Plants in India which form the major source of Fly Ash in the Country. 
The current production of Ash is about 100 million tones per year. Most of the ash 
generated from the power plants is disposed off in the vicinity of the plant as a host 
material covering several hectors of valuable land. Evolving suitable and appropriate 
methodologies for safe disposal and bulk utilization of fly ash is the challenge before the 
thermal power generators / Fly Ash Producers. Characterization of Indian Fly Ash is 
furnished in Table-3. 


Table -3 Characterization of Indian Fly Ash: 


Application of Fly Ash: 
Indian Scenario: 


(1) Fly ash is mostly used in Cements and Concretes. 

11) It is also used as Building material in construction activities. 

(111) Utilization of Fly Ash as filling materials for mines and embankments. 

(iv) Use of Fly Ash in Wasteland Development and Agriculture in collaboration with 
Advanced Materials & Processes Research Institute, Bhopal [12]. 

(v) Technology Demonstration Projects like: Agriculture related studies and 
application, Reclamation of Ash Pond for Human settlement, Construction of Roads 
and Embankments. Rising of Ash dykes with ash, Dry Fly ash collection & bagging 
system for use by entrepreneurs and Fly ash sewage sludge and other organic matter 
in soil re- mineralization have yielded good results. 

(vi) Development of Synthetic Granite Tiles in collaboration with Ceramic Technological 
Research Institute, Bharat Heavy Electricals Limited (BHEL). Bangalore [13]. 

(vii) Development of Fly Ash based Wear Resistant Ceramic products in collaboration 
with National Metallurgical Laboratory, Jamshedpur [14]. 

(viii) Process Development and Production of Fly Ash Bricks { 1-3]. 

(ix) Development of Fly Ash based Fiber Reinforced Polymer Composites for Building 
Components as wood substitute in collaboration with Advanced Materials and 
Processes Research Institutes, Bhopal [4]. 


Digitized by srujanika@gmail.com 


Strategy for Development of Mineral Based Industries in Odisha 


Results & Discussion: 
Application of Red Mud 


(i) Development of Red Mud Cement (Ferrite Cement) in Collaboration with NCB. 
Ballavgarh, Haryana. [Patented Process] 

A collaborative R&D Project has been successfully completed with NCB. Ballavgarh. 
Haryana using Red Mud of NALCO origin and a suitable process has been developed for 
the production of Ordinary Portland Cement (OPC) from a raw mix containing limestone. 
red mud, shale and fine coal. Such a raw mix is fired in a kiln to a temperature of 1400- 
1500°C to obtain clinker. Clinker is cooled and gypsum is added thereto to obtain the 
product OPC. 


Preparation & Evaluation of Ordinary Portland Cement 

Ordinary Portland Cement was prepared by grinding the bulk clinker so prepared above 
with 5.0% Gypsum to a fineness of ~300 m- /kg and tested for various properties and the 
results are presented in Table-4. 


Table-4 Properties of Ordinary Portland Cement 


No. 1987 (53 Grade OPC) 
re Not less than 225 
Setting Times (Min.) I 
Initial 158 Not Less than 30 


Final 254 Not more than 600 


Compressive Strength (N/mm) 
3 Days | Not less than 27 

7 Days | 42. Not less than 37 
28 Days ¡ 65. Not less than 53 
Soundness | 

Le-chatelier (mm) ; Not more than 10 
Autoclave (%) : 0. Not more than 0.8 


(ii) Development of Red Mud Bricks in Collaboration with Institute of Minerals and 
Materials Technology, Bhubaneswar. 

Properties of Cold Setting Building Bricks manufactured from different waste materials 

such as Fly Ash, Iron Ore Tailings, and Red Mud by Mineral Polymerization process have 

been compared as per Bureau of Indian Standards (BIS) Specification. Comparison of 

properties of bricks produced from different waste materials are furnished in Table-5 


arison of Brick Properties 
Type of Waste Material 


Table-5 Com 


Brick 
Properties 


' Building Brick 
‘ Specification (Class 7.5) 
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oe "Fiy Ash | Iron ore Red Mud {| Fired clay- | Fly ash - 


| ) | tailings sand Lime 

| BIS1077: | BIS12894: 
en 1992 | 2002 

Mi % ¦ 80 - 95 ¡ 50-70 50-70 50 % | 


! Brick size 230x110x75 ! 230x1 10x75 ¦ 230x110x75 | 230x110x75 | 230x110x75 | 


© (mm) 


(Dry wt. tkg?) | 2.700 - 3.100 - 2.800 — Not specified | Not specified 

¦ 3.000 3.500 3.200 

¡ Dry Bulk 1.35 - 1.45 [1.75 - 1.90 {¦ 1.40 - 1.60 {| Not specitied | Not specified i 

| density Hi ! 
(gmvec? | 


! Water : 10-16 8 - 12 10- 14 20 20 

¦ absorption. ; i 
(4% 

i Dn ¦ 80 - 150 80 - 160 80 - 155 75 75 | 
: Crushing | i | 
: strength | । | 
{kg/cm | 

¡ Wet ¡ 75 - 140 
i: Crushing 


75 - 150 75 - 145 Minimum Minimum 
80% of dry | 80% of dry | 


su -rushin shing 
: Prodn. cost / | 2.20- 2.60 { 2.20-2.50 | 2.20 - 2.50 ୨୮ । ତ 
| brick (Rs.) 


{iii) Development of Red Mud Fiber Reinforced Polymer Composites for Building 
Components as Wood Substitute in Collaboration with Advanced Materials and 
Processes Research Institute, Bhopal. [Patented Process). 

A collaborative R&D Project has been successfully completed in collaboration with 

Advanced Material & Processes Research Institute, Bhopal based on Red Mud of NALCO 

origin and large number of Red Mud based synthetic wood products like door and window 

shutters . partition boards, sofa sets with central table, air condition case etc. have been 
manufactured. The study reveals that Jute Fiber Reinforced Red Mud Polymer Composites 

(JRMPC) is stronger than wood, fire retardant and rot, rodent, termite and corrosion 

resistant. The door shutters fabricated using this material conforms to the 1S4020:1994 

standards and has also been approved by Central Public Works Department, Govt. of India, 

New Delhi. The process has been patented in India. 


(iv) Recovery of Iron from Red Mud through Romelt Process in Collaboration with 
Moscow Institute of Steel and Alloys (MISA), Moscow, Russia. 

A Joint Research Project and preparation of Techno-Economic Feasibility Report 

(TEFR) has been completed in collaboration with Moscow Institute of Steel and Alloys 

(MISA). Moscow. Russia and Romelt SAIL India Limited (RSIL), New Delhi for 
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extraction of Iron from NALCO Red Mud using Romelt Technology developed by 
MISA, Moscow. Russia. Though laboratory scale results were promising, techno- 
economic feasibility of the process could not be established. 


(v) Study on Effect of Red Mud- Lime Flux Treatment on the Microstructure and 
Mechanical Properties of Steel in Collaboration with Indian Institute of 
Technology, Kharagpur West Bengal.[{ Patented Process] 

Effect of using Red Mud and CaO mixture as a flux during steel making has heen 

investigated. It has been concluded that Red Mud and CaO treatment of liquid steel results 

in refinement of ferrite grain size, increase in pearlite content and improvement of 
mechanical properties in forged normalized steel. 


Application of SPL: 


(1) Characterization of SPL and Development of Process Flow Sheet for Extraction 
of Valuables like Carbon and Fluoride Salts of Sodium and Aluminium in 
Collaboration with Jawaharlal Nehru Aluminium Research Development and 
Design Centre (JNARDDC), Nagpur. 

A collaborative R&D Project has been successfully completed with JNARDDC, Nagpur 

and SPL has been characterized. In addition, a process flow sheet has also been developed 

for extraction of valuables present in SPL like Carbon and Fluoride Salts of Sodium and 

Aluminium. 


(ii) Development of SPL Cement in Collaboration with National Council for Cement 

and Building Materials, Ballavgarh, Haryana. [Patented Process] 
A collaborative R&D Project has been successfully completed in collaboration with NCB, 
Ballavgarh, Haryana and a suitable process has been developed for manufacture of 
Ordinary Portland Cement (OPC) from NALCO SPL. The process has also been patented 
in India. A raw mix of limestone, iron ore, bauxite, SPL and fine coal were fired in a kiln 
to a temperature of 14()0 to 1450°C to obtain clinker, the clinker was cooled and on adding 
gypsum thereto, OPC was formed. 


Preparation and Evaluation of OPC: 


The results of the investigation are presented in Table -6. 


Table-6 Properties of OPC 


3 Requirement of | 
Control OPC- C i OPC- 2 15:12269-1987 (53 


| Without SPL | With SPL | Grade OPC) nN 


i 288.0 ¦ 299.1 © Not less than 225 
| 


Property 


Fineness (M°/hg) 


257 


Digitized by srujanika@gmail.com 
§ 1 é 


Strategy for Development of Mineral Based Industries in Odisha 


83 Not less than 30) 
160 Not more than 6(}X0) 


Not less than 27 
Not less than 37 
Nat less than 53 


Setting Times (Min.) 
Initial 

Final | 162 
Compressive 
Strength (N/mm”) 
3 Days 


Soundness 
Le-chatelier Exp. 1.2 
(mm) 

Autoclave Exp. (%) 


Naot more than 10 


Not more than 0.8 


(1ii) Investigation on Utilization Potential of SPL as Co-fuel in the Boilers of Coal 
based Thermal Power Plants in Collaboration Central Fuel Research Institute, 
Dhanbad, Jharkhand.[Patented Process] 

A collaborative R&D Project has been successfully completed with Central Fuel 

Research Institute (CFR1). Dhanbad on Utilization Potential on SPL as a Co-fuel for use in 

the boilers of coal based Thermal Power Plants. The process has also been patented in 

India. The study had been undertaken with the primary objective of assessing the potential 

of using SPL as a blend component with high volatile non coking coal for power 

generation. The combustion studies of coal with different proportions of SPL show that 
addition of SPL up to 1% can be considered without any loss of the burnout efficiency of 
the parent coal. 


(iv) Management of SPL - A Hazardous Waste Material of Aluminium Smelter 
Plant : A Pilot Plant Study in Collaboration with Institute of Minerals and 
Materials Technology (IMMT), Bhubaneswar 

A Collaborative R&D Project in Pilot Plant Scale has been successfully completed with 

IMMT. Bhubaneswar utilizing SPL of NALCO origin and a suitable process has been 

developed for recovery of Carbon Value adding economic credit to the process. Fluoride 

and cyanide content was brought down to a level whereby the recovered carbon is safe for 
handling, storage and use. 

Application of Fly Ash: 


(i) Use of Fly Ash in Wasteland Development and Agriculture in Collaboration 

with Institute of Advanced Materials and Processes, Bhopal. 
Studies on Long term effect of Coal ash/ Pond ash on Agriculture system have been 
successfully carried out in collaboration with Advanced Materials and Processes Research 
Institute. Bhopal. Characterization of Pond ash and Soil for optimization of the dose for 
agriculture has been carried out for physical and chemical properties as well as trace 
elements and radio nuclides etc. 20-25% increased crop yield has been clearly noticed due 
to favorable soil modification. 


Digitized by srujanika@gmail.com 


Strategy for Development of Mineral Based Industries in Odisha 


(ii) Development of Synthetic Granite Tiles in Collaboration with Ceramic 
Technological Institute (CTI) ,Bharat Heavy Electricals Limited (BHEL), 
Bangalore. 

A novel process for production Synthetic Granite Tiles from Fly Ash has been 
successfully developed in collaboration with CTI. BHEL. Bangalore. Since the Fly ash was 
not sintering by itself, even at a temperature of 1300°C. a suitable “Bond” material was 
added so as to densify the material. This “Bond” is basically an alumino-silicate with 
higher percentage of Sodium & Potassium which melts and form glass. Typical green 
density of the tiles produced was 1.3 gm/cc. 


(iii) Development of Fly Ash based Wear Resistant Ceramic products in 

Collaboration with National Metallurgical Laboratory, Jamshedpur. 
Fly Ash in the range of 15-38% has been used as a substitute of Alumina to develop wear 
resistant ceramic products for material handling equipment by sintering at 1600°C for 2 
hours in air. The microstructure and wear resistant properties of the sintered samples were 
evaluated with respect to Fly ash content. By comparing with high alumina ceramic liners 
(85% Al2Os3). it was found that addition of 15% Fly ash has improved the wear resistant 
properties while 25% Fly ash based products give the properties at par with conventional 
high alumina ceramic liners. 


(iv) Development of Fly Ash based Fiber Reinforced Polymer Composites for 
Building Components as Wood Substitute. 

A suitable process technology has also been developed for manufacture of Fly ash based 

Fiber Reinforced Polymer Composites for Building Components as Wood Substitute in 

collaboration with Advanced Materials and Processes Research Institute. Bhopal. The 

process is similar to that of Development of Red Mud based Fiber Reinforced Polymer 

Composites for Building Components as Wood Substitute. 


Conclusions: 


From the above R&D/ Field Trials/ Pilot Scale studies it can be concluded that waste 
materials generated by Indian Aluminium Industry viz, Red Mud, SPL and Fly Ash from 
the Coal based Thermal Power Plants can be suitably utilized techno-commercially in 
bulk scales for sustainable development. The processes described are eco-friendly & have 
novelties and uniqueness in character and if implemented. it can convert waste in to 
wealth. 
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Abstract 

A process for production of Ordinary Portland Cement (OPC) 
from NALCO Red Mud has heen successfully developed from a 
raw mix containing limestone, red mud, shale and fine coal. The 
raw materials are ground to the required fineness and then blended 
to prepare the raw mix. The raw mix is fed in to a kiln and fired to 
a temperature of 1400-1450 degree centigrade to obtain clinker. 
Clinker was cooled and gypsum was added in to it to obtain OPC. 
3-3.5% of NALCO red mud was used for production of OPC.OPC 
prepared from this clinker conformed to the requirements of three 
Indian Standard Specifications for 33. 43 & 53 grade of OPC. The 
process is efficient. cost-economic and effectively addresses the 
environmental problems associated with the waste red mud 
generated during the refining of bauxite for alumina manufacture. 


Introduction 

National Aluminium Company Limited (NALCO), a Navaratna 
Company and a Guvt. of India Enterprise under Ministry of Mines 
has set up Asia's largest integrated alumina and aluminium 
complex in the state of Orissa. utilizing state of the art technology 
from Aluminium Pechiney, France and is producing 4,8,00,000 
tpa of bauxite, 1,5,75,000 tpa of alumina. 3, 45.000 tpa of 
aluminium metal and 960MW of captive power. During the 
refining of bauxite for production of alumina employing the 
Bayer process at NALCO’s alumina refinery, at Damanjodi in the 
district of Koraput. Orissa. on a dry basis about 2 inillion tones 
Zannum of red mud is generated us a by-produci. The red mud 
contains more than 55% water and is disposed off in the form of 
slurry in to the nearby red mud pond. The accumulated quantity of 
red mud in the pands is estimated to be around 18.5 million tones. 
The water overflowing the pond after the mud is settled, is 
recycled to the alumina plant for partial recovery of soda. 
Therefore. the soda content in red mud is minimized. It wis 
thought prudent to explore the possibilities for utilization of this 
uneausticised red mud dried in air/suntight for production of value 
added items. Development of Ordinary Punland Cement (OPC) 
was once of the most positive efforts undertaken in this direction 
111. NALCO in collaboration with National Council for Cement & 
Building Materials (NCB). Ballavgarh, and Haryana. India has 
developed this process. 


Table 1. Chemical Composition of NALCO Red Mud. 


Sample Collection & Sampling 


Five shift samples of red mud. bauxite and fly ash were collected. 
Red mud samples were designated as RMD-1 to RMD-S. 


Red Mud: 

Five shift samples of red mud weighing about 25kgs cach were 
dried in clectric oven al temperalure of 105±5°C. The dried lumps 
in the samples were crushed. The samples were reduced to ~3kg 
hy coning and quartering procedure and ground to pass through 
100 mesh sicve. The laboratory samples were prepared by 
drawing ~200gms from each shift samples hy coning and 
quartering procedure and were subjected to chemical and 
mineralogical characterization. The results of chemical and 
mineralogical characteristics of these laboratory samples are 
discussed in the following section. 


Limestone and Other Raw Matenals: 

Limestone and other raw matenials viz. shalc, coal und gypsum 
samples were ground to pass through 100 mesh sieve. The 
laboratory <amples of these raw materials were prepared by 
drawing ~-200yms from cach of ihe ground by cooing and 
quartering procedure. The results of chemical and mineralogical 
characterization of these samples are discussed in the following 
section. 

Characterization and Evaluation of Samples 


Red Mud Samples: 


{a) Quality and quality variation. Five ground samples of red mud 
{RMD-1 to RMD-54 were subjected to chemical analysis for their 
major constituents’ viz. LOL, SiO. Fe;O.. AlsOs and alkahes tor 
wssensing their quality and the vanation therein. The results arc 
presented in Table-2 indicated the variation in the composition of 
red mud shift saunpfes with respect to major oxides to be low. fn 
view of this. all the five shift samples of red mud were mixed 
together to make 3 composite sample. The composite sample was 
designated av RMD-C. Further investigations were carried out on 
the composite sample of red mud, RMD-C only. 


Table 2 Quality and Quality Variation in Shift Samples of Red 
Mud 
Conmituent 
Dreterininel 


S015 
¡ 21.07 


: 5052 
214 


; SD; 49.70 


Tus 20.70 


O08 4 O06 
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Red Mud Composite Sample {(RMD-C): 


1a) Chemical Characterization. The composite red mud sample, 
RMD-C was subjected to chemical analysis and the results arc 
prevented in Tahle-3. 


Table 2. Chemical Analysis of Composite Red Mud Sample 


(RMD-C) 


i Constituents 

! Determined {%) 

1 | LO! 
2 : $10; 

6 } MgO 

7 i $0: 


St No 


Hi 


§ 


(h) Mineralogical Characterization: X-ray diffraction analysis of 
the composite red mud sample. RMD-C indicated the presence of 
gibbsite and hematite as major minerals and goethite ax minor 
miner). 


Other Raw Materials: 

Limestone: 

{al Chemica! Churacterization: The limestone sample was 
subjected to chemical analysis and the results are presented in 
Table-4. The sample can be classified as cement grade limestone. 


Tahbic 4.Chemica! Analysis of Raw Materials 

Constituents + Limestone 
| Determined 
1%) 

1 

3 Fe:0; , 0.81 | 1.14 ¡ 026 । 625 | 
Al;O; 


i 8 
୨ _ [K0 093 [17% [4 08 ¦ 
(10 ୪୦: ¦“ [07 ¡¦ ¡56 | 
Li fea omg fom [- foo] 


{b) Mineralogical Charactenzation: X-ray diffraction analysis of 
the Jimestone sample indicated the presence of calcite as a major 
mineral and u-yuartz. dolomile and muscovite as minor minerals. 


| SI.No. 


Shale: 


{a} Chenucal Charactenzation: The shate sample was subjected to 
chemical anatysis and the results are presented in Tabled. 


tb) Mineralogical Characterization. X-ray diffraction analysis of 
the shale sample indicated the presence of u-guarlz av major 


mineral and muscovite, yavapaiite and gnorthite as minor 
nunerals. 


G ¥Ypsum: 


(1) Chemical Characterization; The gypsum sainple was subjected 
to chemical analysis and the results are presented in Table-4. The 
sample is considered suitable as a set retarder in the manufacture 
of cement. 

(b) Mincralogical Characterization: X-ray diffraction of the 
gypsum sample indicated the presence of gypsum as a major 
mineral and a-quartz and albite as minor minerals. 


Coal: 

(a) Chemical Characterization: The results of proximate analysis 

of the coal sample are presented in Table-S. The ash prepared 

from the above coal was subjected to chemical analysis and the 

results are presented in Table-4 

Table $. Proximate Anatysis uf Coal Sample. 

[1 AshContent (¥) | 3534 | 
| ____ 3 Jj Volatile Maer (%) | 


The above results of chemico-minerological characteristics of red 
mud, limestone and other raw materials indicate that their matrix 
is compatible with the cement matrix and can be used in the 
manufacture of cement. 


Technical Suitability of NALCO Red Mud for the 
Manufacture of Cement 


Chemical and tnineralogical analysis of the NALCO red mud 
sample indicated that itx composition is quite compatible with the 
cement matrix. Therefore. the NALCO red mud sample was 
considered pntna-facic suitable for its gainful utilization in the 
manufacture of Ordinary Ponland Cement {OPCkclinker in 
combination of other raw materials viz. Junestone. shale and fine 
coal {2 -5]. The process of making OPC is discussed below. 


Raw Mix Design & Its Optimization: 


The Approach: While designing the raw mixes, attempts were 
made to maximize the use of red mud, RMD-C as raw mix 
component in the raw mix design for the manufacture of OPC. 
Keeping this in mind a large number of different raw mixes were 
designed to achieve good quality clinker. The proportions of raw 
material in the raw mixes designed (RM-1 to RM-5) are shown in 
Table-6. The design parameters opUmized in the designed raw 
mixes are shown in Table-7-11. 


Table-6. Various Raw Mix Designs Prepared 


Red Mud Limestone Coal Ash 
No. {%) (G) (%) | Absorption(&) 


[RM [300 | 230 | 9470 | 475 | 
| RkRM-3 | 400 {| 198 [| 9402 475 

[ kM4 | 430 | 89 | 9381 478 
[ RMS | S00 | 966 | 9334 | 478 
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Parameters of Raw Mix RM-} 


Limestone 


94.70 2.30 


Table-7. Desig 


Coal Ash 
Absorption 
4.75 


Compo- 
sition 
(%) 


MeO: 2.91 
Na 30: n.24 
K;0:0.73 


MgO: 4.34 
Na ;0: 0.35 
K,0: 1.13 


Liquid 
Content(‘#) 


Modulii LSF SM 
aes 


29.25 
Clinker 0.93 
Potential 
Phase 
Compo- 
sition(%) 


Table-8. Design Parameters of Raw Mix RM-2 


Red Mud Limestone | Shale 
Ack 
94.36 


Prop- 
ortion 


Coal Ash 
i Absorption 


Clinker 


MgO: 4.32 
Na;0: 0.38 


Modutii 
alues 
rR 
Clinker 
Pe Ne 
Phase 


| 
sition) 


I 
1! 


Mix 


20.65 ¡ 4.39 


¦ 
| 
i 


Moduli 
Values 


Clinker 


Raw Mix 1.08 
Clinker E 


Po De ME 
Phase 
Co 
sition(%) 


oe 
(5) 


osition 


Min 


Clinker 


Moduli 
Values 
RawMix 


Clinker 
Potential 
Phuw 
Coimpe- 
¡ Mont) 
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Table-10. Design Parameters of Raw 


eas Red Mud 1 Limestone 


MgO: 2.89 
! Na;0: 0.27 | 
' K,0: 0.49 


; MgO: 4.30 
¡ Na :O: 0.40 


K;0: 0.76 


Liquid 
! Content‘) j 


Mix RM-4 


Shale 


4 
$ 
i 
i 
Lu 
t 
a 


! Contentt%) 1 


Coal Ash 


Na sO: 0.42 
K;0: 0.75 


® : 
j Matcnials 


; RawMix 


: Clinker 
{ Potential 
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Table- 11. Design Parameters of Raw Mix RM-S 
Coal Ash 


Raw 


; Na 50: 0.31 
K 0: G4K 


MgO: 4.26 
Na sO: 046 
K;0 :0.75 


Liquid 
Content(¢# ) 


Phase 
Compo 
sition) 


Raw Mix Preparation: 


Raw mixes. RM-1 to RM-S were prepared by taking weighed 
quantities of raw matenals as per the designs. blending them 
thoroughly and grinding the mixes to fineness of 1(X4 residue on 
Hu(170 mesh) sieve. Nodules of about | em in diameter were 
prepared by mixing 3bout 12% water and were dried in an electric 
oven at 10524" C for about 2 hms before subjecting them to 
bumeahility smudie. 

Burnabilities Studies: 

Bumability studies were carried out on all the raw mes. The dry 
nodules were introduced in to a Jaborutory furnace at ambient 
temperature. which was gradually raised to 1450°C. The raw 
mixes were fired at 1300, 1350, 1400 and {450°C with 2 retention 
ume of 20 minutes. The chnkers, CL-} to CL-S. prepared from 
the raw mixes, RM-1 to RM-5 respectively were room cooled and 
their free lime content detenmined. The results of free lime 
determination are presented in Table-12 which indicate that ali the 
raw mies have good buming characteristics and are capable of 
yielding quality clinkers even at 1450"C with a retention time of 
20 minutes. The free lime content in all the clinker samples was 
found to be < 0.50% at 1450°C. 


Optimization of Raw Mia Design: 


While designing the raw mixes, every effort was made to keep the 
kevel of utiltzation of red mud to the maximum extent possible. 
Atl the raw mixes prepared viz. RM-1 to RM-S yielded good 
quality clinkers when test fired during bumability studies at 
1450 °C with retention time of 20 minutes. But, keeping in view 
the maximum utilization of red mud, design parameters and 
process imphcations there from. raw mia RM-2 was taken a» the 
optimized raw mux design. Although the red mud could be utilized 


ion | 


up to £%& in the raw mixes designed, the raw mix RM-2 was 
selected to avoid process problems attributed to the presence of a 
high proportion of Muxing agents (Al;Os and Fe;Ox) in such raw 
mixes. From Table-7 to 11. it is found that on increasing the red 
mud content from 3.0% to 5.0%. the liquid content was found! to 
be increased continuously. The presence of increased liquid 
content known to cause process implications in the cement 
manufacture and especially heyond 30% liquid content is 
deirimentat to the tife of refractory lining of the kiln. Generatly. 
the Hiquid content has been maintuined in the range of 27 to 30% 
in cement manufacture. 3.5% has been selected as the optima! red 
mud content keeping in mind the maximum utilization of red mud 
in cement manufacture. Its liquid content is 30.03% and is on 
border line but is still in an acceptable range. On going from red 
mud content of 3.5 tv $%. the liquid content increases from 
30.03% to 33.45% and the resultant clinkers were found to be 
sticky to the refractory linings and will reduce the Jife of the 
refractory linings and have many process implications. Also. the 
presence of high liquid content results in the formation of 
boulders instead of normal sized clinkers which further makes 
problems in the process The role of fluxing agents like Fe;O.. 
AO; etc is very critical in the formation of clinker. The general 
range for Al:O; content is 4 to 7% and for FeO; is 2 to 4% in the 
clinker. The details of the optimized raw mix RM-2 is given in 
Table-K. The raw mix RM-2 is capable of yielding good quality 
clinker at 1450“C with a retention time of 20 minutes. 


Table 12.Bumability Studies of Cement Raw Mixes with Red 
Mud as a Component ttctention Time 20 Minutes) _ 


Preparation and Evaluation of Bulk Clinker 


10 kg sample of optimized raw mix RM-2, selected for detailed 
investigations was prepared by taking weighed quantities of raw 
materials viz. red mud. limestone, shale and coal ash as per its Taw 
mix design, blended them in a ball mill and ground to a fineness 
of 10% residue on 90170 mesh) sieve. The nodules werc 
prepared in a pan nodulizer and dried in an electric oven at 
10525 "C for 2 hrs before introducing in an electric furnace at 
unbient temperature and eventually firing it at 1450 °C for 20 
minutes. The resultant clinker CL-2 from raw mix RM-2 was 
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studied for chemical, mineralogical und grinding characteristics 
and the OPC prepared there from was evaluated for performance 
as per relevant Indian Standard Specifications. Three batches of 
such bulk clinkers, 10kgs cach. were prepared by adopting the 
same procedure to evaluate the reproducibility of the results. 


Chemical Analysis: 

The chemical analysis of the bulk clinker, CL-2. carried out as per 
Indian Standard Specification, 1S: 4032-1985 and is prevented in 
Table-13. These results indicated that the quality of the clinker 
was good and capable of yielding good quality cement. 


Table 13. Chemical Analysis of Bulk Clinker 
Constituents Resulss Obtained 
Determined (%) 


__  । ¦ ୪ ¦ ୫ | 


AljO; 5.30 


L111 | insoluble Residue | 0.38 | 


Mineralogical Analysis: 

The clinker sample CL-2 from raw mix RM-2 was evaluated for 
its mineralogical composition by optical microscopy and the 
results along with the granulometry of the clinker phases are 
presented in Table-14. Clinker phases are moderately developed 
and are homogenousty distinbuted. Majority of alite grains are 
subhedral in shape. Few pseudo hexagonal alite grains are alwo 
developed in the clinker. Transformation of belite into alite has 
also been observed. Some belite clusters were also presented in 
the sample. Few crystals of free lime were also present. ht 
indicated that the quality of the bulk clinker «ample so prepared 
was good. 

Table 14. Mineral Phase Analysis of Bulk Clinker Sample by 
Optical Microscopy 


Quantity { Granulometry {jin} 


Sl. Clinker § Phases 
No. Sample (%) a Max. Ba 


Lo a 


a 


The X-ray diffractogram of the bulk clinker sample CL-2 
indicuted the presence of homogenously distributed and well 
developed phases. 


Grindability Studies: 

In order to determine the energy required for gnonding vlinker. 
laboratory grindubility test was conducted using standard bond 
ball mill. The Bond Indcx for clinker, CE-2. hus been found to be 
10.9KWH/T which fies in between the range ef Bond index Y- 


13KWH/T. As this valve of Bund Index lies on the middle of the 
range. the clinker appears to be hard enough in nature. 


Reproducibility of the Clinker 


In order to ascertain the reproducibility of the product i.c. clmker. 
two more batches of the clinker were prepared in the laboratory 
from the optimized raw mix. keeping the process parameters same 
as maintained during preparation of bulk clinker <ample, Ci-2. 


Preparation and Evaluation of Two Additional Batches of the 
inker: 

Two additional batches of the clinkers CL-2-A and CL-2-B were 
prepared by taking 10 kgs of raw mix RM-2 adopting the same 
procedure as described under Preparation and Evaluation of Bulk 
Clinker. The resultant clinkers designated as CL-2-A and CL-2-B 
were studies for chemical and mineralogical characteristics. The 
results are discussed below. 


Chemical Analysis: 

The chemical analysis of the two additional batches of clinkers. 
CL-2-A and CL-2-B, were camied out us per Indiun Standard 
Specification. 1S: 4032-1985 and the results are presented in 
Table-15. Results indicated thar the chemical composition of both 
the clinkers. CL-2-A and CL-2-B, are comparable 10 the 
composition of the first batch of the clinker. CL-2. 

Table 15. Compositional Variation in Three Batches of Clinkers 

Results Obtained (%) 


sg Ko TF ons 0; 
0 ୮ ¦ 0003 00୪4 


Insoluble DR 


Residue 


12 


Mineralogical Analysis: 

{a} Optical Microseopit Analysis: Samples from the iwo 
additional batches of clinkers. CL-2-A and CL-2-B. prepared in 
the faborutory ascertuining the reproducibility were evaluated for 
their mineralogical composition by uptical microwopy. The 
results along with the granuvlometry of clinker phases arc 
presented in Table-16. The alite grains were subhedral in shape 
Transformation of belite into alite was ubserved in both the 
samples. Most of the belite gruins were sub-rouaded in shape with 
cormoded margins. Few crystals of free lime were also observed in 
these two samples. The resulis have revealed that the 
granulometry and mineralogical characteristics of the two clinkers 
of sdditional batches, Cl.-2-A and CL-2-B. are comparable tv the 
first batch the clinker i.e. CL-2. 
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Tahe 16. Vanancn in Mineral Phioce Analysis of Tiree Batches 
of Clinker San 

i Si ¡ Clinker Phaves | Quantiny | Granulometrv{pm) 
i Ne} Sample 


bX Ray Diffraction A from the two additional 
hatches of clinkers ClL-2-A and Cl-2-B. were alse suhjected to 


X- Rav diffraction analy It indicated the presence of 
homogencusly distribuled and wcll developed clinker phases in 
these iwo samples CL-2-A und C1.-2-B. similar to the first batch 
of the sample, Cl.-2. The chemico-minerological evaluation of 
the results of the two additonal batches of chnker samples, 
CL-2-A and Cl.-2-B, indicated their clase resemblance to the 
choker. CL-2. prepared in the firm batch Results have clearly 
cuablished the reproducibility of the product Le. clinker made 
Irom NALCO nat mud 


Preparation and Evaluntion of Ordinary Portland Cement 
(OPC) 
Ordinary Portland Cement .OPC-2 was prepared by grinding the 
balk clinker CL-2 so prepared with 5.0% gypsum to a fineness of 
-300m°/kg and tested for setting time. compressive strength, Le- 
chatclier and autoclave capanston testis as per 15:4021-1988 and 
the results are presented in Table-17. 


Setting Time. 

The inal and fina] setting times of Ordinary Portland Cement 
prepared in laboratory from bulk clinker were determined as per 
1S: 4031-1988 and the results arc presented in Table-17. The 
results indicated that the cement sampte OPC-2 conformed to the 
requirements of the standard. 


Compna~ssive Strength’ 

The compressive strength of OPC-2 prepared above wis 
determined av per 18: 4031-1988 and the results are presented in 
Table-17. The results indicated that the OPC-2 sample conformed 
10 all requrrements of all the three Indian Standard Specifications 
for 32, 43 and 53 grades of OPC viz. 15:269-1989. 1S:8112-1989 
and 15.12269-1987. 


Soundness: 

Autoclave and Le ~ chatelier expansion tests on OPC-2 prepared 
above were carried out as per the procedures laid down in 
IS: 4031-19X% The results indicated high volume «tability of the 
cement ~ample and conformed to all the requirements of all the 


three Indian Standard Specifications for 33, 43 and 53 grades of 


Ordinary Portland Cements viz. 15:269-1989, IS:8112-1989 and 
15:12269- 1987 respectively. 


Table 17. Performance of Ordinary Portland Cement {OPC} 
Property Resplts Requirement of 
15:12269-1987 

{$2 Grade OPC) 


Setting time Min.) 


initial Not less than 30 
Final Noi more than 600 
Compressive 
SirengthtN/mm’) 
2 Days Not less than 27 
7 Days Not fess than 37 
28 Days 60.8 Not less than §3 
Snundncss 


Le-chateliert min) 
Autoclave 1%) 


| Not more than 10 
0.073 Not more than 0.8 


The above results indicated that good quality clinker can be 
prepared hy using 3.50% red mud. 94.36% lime stone and 2.14% 
shale. The Ordinary Ponland Cenrent (OPC) prepared from this 
clinker conformed to all the requirements of three Indian Standard 
Specifications for 33, 43 and 53 grade of OPC. In addition, OPC 
made from 3.0% of NALCO red mud, 94.70% of hime stone and 
2.30% of shale also confirmed to the above specifications. 
Complete performance evaluation of different OPC samples 
prepared from 3.0 and 3.5% of NALCO red nud wos conducted. 


Conclusions 

Chemical and mineralogical analysis of NALCO red mud 
indicated that its cornposition is quite compatible with the cement 
matrix The NAILO red mud therefore was considered prima- 
facie suitable as a raw mix component in the manufacture of OPC. 
While designing the raw mixes. every effort was madc to keep the 
level of utilization of NALCO red mud lo the maximum possible 
extent. Upto 5% red mud could be gainfully utilized in the raw 
mixes. However. lo overcome process problems altributed to the 
presence of high propontton of Muxing agents (ALOs and Fe;O,4) 
in other raw mixes. the raw mia RM-2 with 3.5% red mud was 
considered most suitable for the preparation of bulk clinker, CL-2. 
Physical performance of the OPC made from the bulk clinker. 
CL-2., utilizing 3.5% of NALCO red mud conformed to all the 
requirements of all the three Indian Standard Specifications fur 
33.43 and 53 grades of OPC viz. 1$:269-1989, 15:81 12-1989 and 
15:12269-19R7 respectively. Reproducibility of the clinker made 
from NALCO red mud is also established. 
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in the Sukinda Valley of Odisha, India, the tota! quantity of nickel ore reserves comprising of both lateritic and chromite over burdentCOB! 
have been estimated at around 231 million tonnes containing 0.3 to 0.9% Ni. While mining of one tonne of Chromite ore, around 6-7 tonnes 
of chromite over burden are removed. These overburden materials are disposed as waste materials, which causes lot of environmenta! 
hazards and ecological! imbalance. India imports a large amount of nickel and ferro-nickel to meet its growing demands in various sectors. 
For import substitutions, efforts have been made to produced ferro-nickel from the lean deposits of nicket bearmg lutentic ares'chromite 
over burden materials by reduction roasting followed by magnetic separation and then the nickel r:ch magnetic fraction is smelted to 
produce ferro-nicket. it has been possible to produce ferro-nickel of grade varying from 4-25% nickel. 


Introduction 

During mining of chromite ore, large quantities of 
overburden materials arc being generated. The materials 
amount to approximately 10 million tonnes per year contain 
around 0.3-0.9% Ni, 0.02-0.06% Co, 20-50% Fe and 4-9° 
Cr2O; depending upon the location and the depth of the 
mine. These materials presently do not find any application 
for the extraction of nickel due to lack of a suiable 
technology. The materials are also unsuitable for ferro-nickel 
making because of their very high iron to nickel ratio. The 
country is senously looking for a suitable technology to 
utilize these resources as its entire domestic requirements 
of nickel is met though imports. In this connection, a 
systematic approach has been made at the Institute of Minerals 
and Materials Technology, Bhubaneswar to develop a process 
for ferro-nickel making from this indigenous resource. 

In india, the only potential nickel-lateritic and cobalt- 
bearing deposits that contain extractabic chroinite exist in 
four parallel! bands of Sukinda region in Odisha, India. It is 
estimated that this deposit contains around {30 mullion tonnes 
of chromite at a cut-off grade of 35% CroO3. While mining 


chromite ore, it becomes mandatory to remove the overburden 
materials from the hanging and footwalls on either side of 
the chromite band. The chromite mining activities in the 
Sukinda region have been in progress for the last four 
decades. The overburden matenals generated until now are 
considered waste and cause of environmental hazards and 
ecological imbalances. The total quantity of nickel ore 
reserves comprising of both lateritic and over burden has 
been estimated at around 221 million tonnes containing 
0.3 to 0.9% Ni. Moreover, M/S Jindal Steel Limited is setting 
up a 2.5 million tonnes of stainless steel plant in Kalinganagar, 
near Sukinda Valley; a large quantity of ferru-nickel will be 
required for the facility. 

The Institute of Minerals and Materials Technology 
(IMMT), Bhubaneswar. has developed a state-of-the-art 
technology for complete utilization of nickel bearing latenitic 
ore.chromite overburden (COB) containing nickel by 
producing terro-nickel, which can be used for mamutacturs 
of stainless steel As a leading technology suppher in the 
field of nnnerals and materials technoiogy in India. IMMT. 


Bhubaneswar is in 4 postition te provide a novel arid innies ative 
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process for commerciat production of Fe-Ni1, which 
will undoubtedly tulfill the demand of nickel 
consumption in India by wav of import substitution. 

The complen nickel beanng lateritic ore. COB 
can nat be beneticiated strictly by physical means. 


ia hdc iE 


Plant and Source of Ore 


Compeosttion of Dabcrittne eres rived ni De Na 


jedi ten an different. euttites 


Composition of Lateritic Ore | Grade of 
Fe-Ni 


Nin | res | rei | Nite 


The physical beneficiation process does not upgrade 1. Pacific Metal Co. Lid.. Japen (Philippines) | 1.37 | 2830 | 20.66 | 2430 

nickel or eliminate iron duc to its complex and 2. Maro do Nique! S.A., Bragil । 2.00 | 650 | 325 | 30.00 

finely disseminated nature. To overcome this 3. S.A. Le Nickel, Doniamboo, New Caledoma | 2.80 | 13.00 | 4 । 22-28 

inherent problem. an innovative process has been 4. Sumitomo Metal aod Mining Co., Japan RG 27 

developed by IMMT to convert the goethite into _—_ (Nc Calendinia Ore) 

magnetite so that iron and nickel present therein 5. P.T. International Nickel, Indonesia | 162 | 14.10 | 810 | 

can be easily separated from other gangue materials - Kovadaret, Yugoslavia | 1.୫57 | 0.୭ {| 615 | 25.00 

by employing techniques of reduction roasting 7 Hana Nickel Smelting Co.. Riddle, Oregon 16s | on | am | 47.00 
8. Larco, Greece 1.70 | 38.00 | 22.35 | 22-33 


followed by magnetic separation. This magnetic 
concentrate, which is rich in nickel, can be smelted 
to produce Fe-Ni very well in a commercial scale of the grade 
4-25% Ni. This process 1s comparable to processes available 
elsewhere in the world for commercial Fe-Ni production. The 
process is a zcro-waste process because the slag produced 
following the extraction of Fe-Ni1 can be efficiently utilized for 
cement manufacture. 

World Technology Scenario 

Nippon Yakin Kogyo Co. Ltd. developed a process for 
producing ferro-nicke! by direct reduction of gamnierite orc at 
the Oheyam works 1*!, In this process, crude ferro-nickel is 
produced at low encrgy cost in a rotary kiln after pretreatment 
of the raw materials; the crude ferro-nickel is then used as 
the raw materials in the AOD stainless steelmaking process. 
A simplified mathematical model has been developed for 
the production of terro-nicke! from lateritic ores by the electric 
reduction furnace process {ERF Process) and the same has 
been applied satisfactorily at the plant of Larco at Larymna in 
Greece 1°, 

Nayak J.C 1%) reported the results of an investigation for 
production of ferro-nickel from Sukinda laterites in rotary kiln- 
electric fumace process at Elkem’s Laboratory in Norway. 
Nayak states that 20% nickel grade ferro-nickel was produced 
with high nickel recovery by selective reduction technique. 
The lateritic deposits in other parts of the world used in the 
extraction of nickel are given in Table-1. 

{indian Technology Scenario 

Nickel in India occurs in sulfide form along with copper 
mineralization in Singhbhuin district of Bihar. It is being 
recovered as nickel sulphate crystals. as by-product of copper 
production. The other occurrence 1s nickeliferrous limonite in 
the overburden of chromite in Sukinda Valley. Jajpur district. 


Odisha {!!1. This is an oxide ore and, hence, efforts are undenway 
to develop a process for its utilization. Various organizations 
are trying to extract the metal values from chromite overburden 
materials. The process alternatives arc: (i) production of Fe- 
Ni from imported and indigenous ore blend by Industrial 
Development Corporation (IDC). Odisha. (ii) extraction of 
pure nickel and cobalt from chromite overburden. ferro-nickel 
making and alloyed pig iron-making from chromite overburden 
by Institute of Minerals and Materials. Bhubaneswar (12-161, 
and (111) efforts are also being made to extract nickel from 
chromite overburden through biotechnology means. 

A typical composition of lateritic ore and chromite 
overburden in Sukinda region is given in Table-2. There is 
unfavorable Fe/Ni ratio in these materials, which require 
preferential treatment to removc large part of iron. The physical 
beneficiation process does not provide any significant nickel 
concentration or iron elimination duc to the complex and finely 
disseminated nature of material. lt is necessary to bring the 
ratio to an acceptable limit by some economic method prior to 
smelting. Reduction roasting is an effective unit operation in 
the treatment of iron oxide at elevated temperature, and it is 
carried out in the presence of both carbon, carbonaceous material 
and reducing gases like CO and Hy. Conversion of CO by CO2 
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is the main prerequisite for reduction. The reduction process 
is represented by the equations {1 [2]. (3). ete 


RFeO.OH + S10) + 2C Fe2SiOs + 2Fe304 +4H50+2C0 [1] 
4Fe;0;: + C + 510) Fe2SiOs + 2F e304 + CO) 12} 
4FeO.0H + C 4Fe0 + C02 + C0; 3} 
2Fe)05 + C 4Fe0 + CO, [4] 
2Fe0.Cn01 + C 2Fe + 2Cn0; + COs {$] 
2Fe0.Cn05 + $ 2Fe + 2Cn0; + $0; {6] 
4Fe0.0H + S10; +2C Fe;SiOs + 2Fe + 2H20+2 CO) mn 
2Fe30; + 502 +2 C Fc2SiOg + 2Fe + 2CO) {8} 


During preheating of the hydrated oxidc mineral orc, 
gocthite undergoes dehydration to form hematite. This reaction 
takes place in the range of 300-400°C. 

The Innovative Process Know-how Developed at 
IMMT, Bhubaneswar 

A state-of-the-art technology has been developed by 
Institute of Minerals and Materials Technology (IMMT), 
Bhubaneswar for complete utilization of nickel bearing latenitic 
ore/chromite over burden (COB) containing nickel for 
commercial production of ferro-nickel, which can be used for 
manufacture of stainless steel. 

The nickel bearing lateritic ore/COB is in 8 complex 
state that cannot be beneficiated only by physical means. 
The physical bencficiation process does not provide 
any up-gradation of nickel or elimination of iron present 
therein duc to its complex and fincly disseminated nature. 
To overcome this inhcrent problem, an eco-friendly and 
zero waste innovative process know-how has been developed 
by IMMT to convert goethite phase present in ore bodics 
into magnetite phase so that iron and nickel present 
therein can be easily scpnrated from other ganguc materials 
viz. silica, alumina etc. by employing the reduction roasting 
technique followed by magnetic separation. The magnetic 
concentrate, which is rich in nickel, can be smelted to 
produce Fe-Ni in a commercial scale of the grade 4-25% 
Ni. This process is very well comparsble with any of the 
processes available elsewhere in the world for commercial Fe- 
Ni production. 

The main purpose of carrying out reduction roasting 
is selective conversion of the iron phase into magnetite, so 
that it can be removed magnetically. In mineral processing 
opcration, the reduction is controlled to avoid formation 
of wustite, which is relatively nonmagnetic in nature. Since 
the nickel in Sukinda region is associated with iron phascs, 
the adoption of reduction roasting technique is appropriate 


to separate nickel-rich iron concentrate from the associate 
gangue. The nickel! concentrate thus, obtained by reduction 
roasting followed by magnetic separation route may be 
advantagcous to enrich nickel content in reduced materia! 
This reduced material then will be suitable for ferro-nickel 
making. A selective pre-reduction of the iron phase can be 
carried out in a rotary kiln with controlled parameters or 
a pan sintering unit designed and fabricated by IMMT. 
Bhubaneswar. 

In this process. efforts have been made to produce ferro- 
nickel of the grade 4-25% nickel from the lateritic ore or 
chromite over burden by a pyrometallurgical process which 
includes sintering followed by magnetic separation and smelting 
of the magnetic fraction rich in nickel using induction fumace 
facility at IMMT, Bhubaneswar. The slag produced by this 
method can be used to manufacture cement, thereby making 
it an environmental friendly zero waste process. 
Experimenta! 

Chromite overburden fines (-! 0p) containing 0.89% NiO 
and 45% Fe)O; were mixed with -150p coke breeze powder 
containing 65% fixed carbon in the required proportions. The 
mixture was granulated with 12°% water in a disc pelletiser. 
The granules were then mixed with -2mm coke breeze and 
charged into the Down Draft Pan Sintering unit for reduction 
roasting (Figure 1). 

A 10x10x310 mm laboratory-scale pan sintering 
was used in the experiments. About 50 g of charcoal pieces 


Figere | Schematn diagram o? down Sraft tinteriag wax 


were put on the top of the pan sintenng uot for ignition. 
The bed height was maintained at 300-310 mm. Slow down- 
draft suction was initially applied for 3 minutc to promote 
uniform ignition before the draft was increased to the required 
level. 

The sintered product was ground to -75p in a (wet} ball 
mill and then subjected to tow uitensif wet magnetic separation. 
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The wer magnctic separation was carried out on a low-intensity 
(2000 gauss) magnetic drum separator. The slurry was pumped 
into the drum at a rate of 300-400c¢/minute The drum speed 
was maintained at 45rpm. Magnetic and nonmagnetic fractions 
were collected separately, and then dned. weighed and analyzed 
for nickel and iron. The results are summarized in Table-2. 


Torso Rei wf hes cute in map erie wrparones Kose ae 
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2nd cieamng of magnetic fraction after Ist cleaning 


COD EET CIN 
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The nickel-rich magnetic fraction was smelted in an 
induction fumace (alumina crucible) to produce ferro-nickel 
(Figure 2). The chemical analysis of meta! and slag arc given 
in Table4 


Table ¢ Sam ite A0olsis wf Magmetic Frartime uf bats Moge 


Magnetic Traction of ainier product, comaining 


ee 2. 1 Pi and 60% Fe 
Crucible maternal Alumina 
Tempernbac 150°C 


The data in Table indicate that lerro-nickel containing 
425° 0 meke! can be obtained using 4-10 of redectant required 


for reduction of iron oxide. Increase in the amount of reductant 


increases the yield and decreases the grade of fermo-nickel. This 
trend is quite similar to data reported elsewhere 11°), 
Results and Discussions 


The chromite overburden/atenitic ore contains iron in the 
form of goethite and nickel is present in the lattice of goethite 
phase of iron. The main objective of the reduction process 1s 
to convert this goethite phase of iron into magnetite phase and 
separate it from gangue matcrials such as alumina. silica, etc. 
If the entire goethite phase of iron is converted into magnetite 
phase, then the Fe'Ni ratio will increase. thereby diluting the 
nickel grade during smclting. To overcome this problem. pan 
sintering technique was employed to selectively reduce iron 
oxide and nickel oxide such that the magnetic fraction becomes 
rich in nickel content, The fundamental study reveals that nicke! 
oxide reduction occurs more rapidly than iron oxide reduction. 

During pan sintering process, iron oxide reduces into 
magnetite, wustite and metallic iron forms. When this reduced 
product is subjected to magnetic separation, magnetite and 
metallic iron along with nickel ar¢ separated. A nickel-rich 
magnetic fraction is obtained and it becomes the feed material 
for the smelting reduction process. The results of magnetic 
separation studies are shown at Table-3. The underlying 
philosophy of the study reveals that the subsequent stages of 
magnetic scparation of the magnetic fractions shows higher 
content of nickel. 

The smelting reduction studies were carried out in an 
induction fumace using coke breeze fines as the reductant for 
production of ferro-nickel. The amount of reductant plays a 
vital role in smelting reduction process for selective reduction 
of iron for obtaining higher grade of ferro-nicke!. Ferro-nicke! 
containing various percentages of nickel thercin can be produced 
by selectively reducing iron oxide by contro!ling the use of 
different percentage of reductant as shown in Table-4. 
Conclusions 

A state-of-the-art reduction roasting process tollowed by 
magnetic separation and smelting techniques has been shown 
to produce ferro-nickel containing 4-25°% nickel from chromite 
overburden‘ lateritic ore containing nickel The technology 1s 
environmentally tnendly and zero-waste process accounting 
for complete conversion of waste material chromate overburden 
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IMMT, Bhubaneswar, operating under the aegis of Council 


of Scientific and Industrial Research (CSIR). Government of 
India, is in a position to provide this technology to the industrial 
houses/entrepreneurs for production of ferro-nickel in the pilot 
commerciat scale any wherc in the world. A pre-feasibility 
report with plant capacity of 3000 tonnes per annum for 
production of ferro-nickel is available with IMMT Blubaneswar 
for commercial exploitation of the process know-how. Patent 
application has been filed in India based on the above research 
findings. 
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Development of Coal Based Industries 
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Due to the fast depleting noture of oil and natural gas reserves in the absence of significant new discoveries, it is cousing a dent in the inchan as 
well as Odisha economy keeping the setf-sustainobility in picture. The over-dependence on import of fossil-fuel energy has further aggravated 
this problem to an unimaginable level. In this paper, the efforts have been made to discuss various ways and means to promote coa! chemical 


industries in Odisha to tackle the above problems noticeably. 
introduction 


At present, petroleum crude oil and coal constitute the 
basic source of hydrocarbons contributing much in the 
energy sector and as a basic raw material for chemical 
process industries. 


The 20 century initiated a new transformation in 
the use of conventional materials in the field of consumer 
products and construction materials due to the discovery 
of polymers, plastics, and other petrochemical based 
products. Accordingly, the requirement of petroleum crude 
oil as charge stock for refineries has increased manifold 
not only to meet the needs of distillate fuel (motor gasoline. 
HSD, Kerosene), but also for light and heavy naphtha 
ns raw material feedstock for different petrochemical 


industries. 


From the current assessment and analysis, it is 
observed that the future of this raw material looks 
gloomy unless scientists come up with new discoveries 
(alternative sources of energy) or stern measures regarding 
conservation of resources are adopted. There have been 
efforts to develop alternative energy sources worldwide of 
which coal conversion technologies are the most sought 
after areas that are gaining momentum in the entire 
world. This picture is more prevalent in those developing 
nations which are going deficient in crude oil and having 
relatively better hydrocarbon resources in the form of non- 
coking coal. 

Though India was little late to the party and joined the 
petrochemical field in the late sixties, she 1s trying hard 
to cope up with the developed nations in this aspect. Also. 


the meager reserves of petroleum or natural gas in India 
worsen the situation further. Even after the new finds 

of oil and natural gas in the offshore regions of Bombay 
High and dry natura! gas of South Bassein that is devoted 
completely to serve fertiliser based projects and power 
plants. the anticipation to pursue petroleum based energy 
policy as long-term strategy still sees a backdoor. Against 
this circumstance and background, India is comfortably 
placed in case of coal reserves that 1s traditionally her 
primary energy source. India has significant reserves of 
coal, and the latest estimate of them indicate a level that 
is little over 12 billon tonnes in seam thickness of 0.5 m 
and up to a depth of 1200 m. This hefty amount of reserves 
13 expected to last for 200 to 300 vears or even more 
regardless of their extensive use as traditional energy 
source. Considering the energy equivalence. India's coal 
resource is more than hundred umes when compared to 


petroleum nil. 
Coogi as Rav Mater vcr Td Penicah indus y 


Considering the completion of all railway infrastructure 
projects, the production of coal will touch above 730 million 
tunnes by the end of the 12th plan (2012-2017) in Indi. 
With the projected local availability of 550 mt per vear, 
India plans to mine an additional 240 milhon tonnes per 
annum (mtpa) of coal from 26 new fields in the next five- 
year plan. The current situation demands introduction of 
coal ounversion technologies through indirect approach of 
coal gasification route. At present. many advanced nations 
worldwide have adopted the eval conversion process fur 


production ot syathesis gas ‘or 3 Variety of applications 
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including ammonia and methanol manufacture which is 
welcomed as commercially economic proposition. 


With the arrival of methanol and syngas driven 
technologies for wide spectrum of chemical and 
petrochemical building blocks namely ethylenc, propylene 
acetic acid. acetic anhydride. vinyl acetate. cthylenc glvcol. 
etc. there exists an immense potential in our country 
to explore and create facilities in this direction. If we 
monitor closely the status of the progress made within our 
country, the petrochemical industries based on petroleum, 
C3 and its fractions of natural gas are only found in the 
western region due to its proximity to oil and gas fields. 
However, the eastern sector is more or less neglected 
with the only hydrocarbon based chemical industry at 
Haldia Petrochemical complex which produces ethylene. 
propylene, and other products. 


Even the existing small scale chemical industries in the 
region are limited to cosl carhonisation processes that are 
needed for steel plants. On the other side, the eastern part 
of the country enjoys a good reserve of coal, and the only 
sensible approach now is to explore this giant reserve of 
coal for the growth of many chemical industries to bring 
about a balance in all regions. 


Coal Reserves in World and india 


The world coal reserves and the percentage share of the 
countries involved are shown in Fig. 1. India contributes 
7% of the total coal reserve in the world. 


The year-wise coal reserves have been indicated in 
Table-1 which sums up to 298.914 x 10% million tonnes as 
per the latest estimation. 
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The coal production of India touched morc than 600 
million tonnes compared to the consumption figure of 
around 700 million tonnes in 2011. This has been shown in 
Fig. 2. 
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Fig. 2. Consumption vs. production of coal in india 


Coal Reserves in Odisha 


Odisha receives a great attention these days which is 
the threshold of industrialisation and a lot of significant 
progress is occurring in the creation of infrastructure 
facilities. This is the right time to share that attention 
with the utilisation of coal reserves by opening up of new 
chemical industries. It is beyond any doubt that a crucial 
quantity of non-coking coal reserves is sitting idle with a 
hope to get tapped for industrial utilisation. The status 
of the coal reserves in Odisha and its surrounding states 
have been illustrated in Fig. 3. 


The main coalfields of Odisha are situated in Talcher 
and IB Valley with estimated recoverable reserves of 
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Fig. 3: Coal rese- ves at Odishs compared to other states 
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38.65 x 103 million tonnes and 22.3 x 103 million tonnes 
of coal respectively. The sum total yields about 70 x 10% 
million tonnes of coal from Odisha alone. These coalfields 
at present produce around 59.74 million tonnes at Talcher 
and around 44 million tonnes at IB Valley respectively 
which are utilised in power, fertiliser, cement, railways, 
and various other industries. The potential for the 
development of these collieries is already very high and it 
is estimated that by 2020, the Talcher coalfield will be able 
to produce over 100 million tonnes of coal and 1B Valley 
about 80 million tonnes of coal per year. 


The overall general analyses of coal from these fields 
are: 


iBvat [ 8&8 | 52 | 0୨5 [ 05 | 
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Coa! Conversion Chemicats and Process 


The varying nature of conversion processes plays a key 
role to manufacture different varieties of chemicals. A 
complete list of the chemicals that can be manufactured is 
depicted in Fig. 4. 


The synthesis gas preparation from coal involves 
basically coal gasification, gas conditioning. purification 
and by-product (if any) recovery and effluent treatment. 
The prominent and proven coal gasification processes are: 


1. Lurgi fixed bed coal gasification 
2. KT entrained bed gasification 

3. Winkler fluidised bed gasification 
4. Texaco coal slurry gasification. 


Amongst the available new generation technologies. 
Texaco pressure gasification technology is commercially 
proven which generates synthesis gas at relatively higher 
pressure without any formation of by-products. In the 
Texaco process, the feedstock is ground in a coal mill for 
coal water slurry preparation which is then charged to 
Texaco gasifiers with oxvgen. The gasifiers operate at high 
pressures of 40 atu and above. The raw gas is cleaned and 


a mixture of dirt-free dominated by Hydrogen and Carbon 
monoxide is obtained. The raw gas is then purified by 
desulphurisation and decarburisation adopting rectiso! 
wash. In cage of ammonia production. high temperature 
shift (HTS) conversion unit, upstream of rectisol wash 
unit and liquid nitrogen as final stage of purification are 
followed. However, Ho and Ny ratio fixation is necessary. 


CO + Hy gas (Synthesis gas) is a versatile mixture 
which forms the core for the products that can be made 
from it. Fig. 5 highlights about various products that can 
be derived from synthesis gas. 


Although presently, coal based technologies for 
production of synthesis gas are limited to mostly 
manufacture ammonia and FT (Fischer- Tropsch) 
synthesis products, the most exciting prospect lies in the 
production of methanol, oxo synthesis gas, CO. and Hy 
following coal gasification routes. 


Texaco coal gasification process is suitable for producing 
synthesis gas to facilitate oxo alcohol production, an 
important materia! in plasticiser, synthetic detergent, 
paints, and solvents. 


High purity carbon monoxide for carbonvlation can 
be manufactured from coal through gasification and 
purification which apart from being used for manufacture 
of acetic acid and its derivatives in conjunction with 
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methanol can be a source of raw material for phosgene, 
the feedstock for the manufacture of polyurethane 

and polycarbonates, many pharmaceuticals, and other 
expensive chemicals. 


Methanol has now begun to show prominence as a 
substitute to naphtha in all its application as a transport 
fuel (gasoline) and as a chemical and petrochemical 
building block. There have been serious efforts and daring 
moves seen in the developed western world to widen the 
usage of methanol, but the pace is relatively slow owing to 
continuous effort on improving the energy efficiencies for 
conventional raw materials and technologies. But, India 
should accelerate the development of methanol! application 
technology as a future replacement for petroleum and 
its products which are meager in supply. Proper policy 
measures can make coal based methanol projects viable if 
not competitive with gas based plants. 


Methanol has the immense potential to emerge as an 
important chemical for a restructured chemical industry 
in relation to its economic advantage. Coal to methano! 
conversion technology has already been standardised 
and the conceptual design is already available. Coal to 
Ammonia plants through gasification, purification and 
synthesis are already under operation in India including 
the one at Talcher. 
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Revolutionary Concepts in Methanol-Oriented Technologies 


Some of the revolutionary concepts for methanol- 
oriented technologies are indicated in Fig. 6 and are 
outlined briefly as follows. 


a) Monsanto acetic acid process, Rhodium Iodide catalysts 
are used to promote reaction between methanol and 
syngas derived carbon monoxide to obtain acetic acid in 
single step reaction. 


b) The Tennessee Eastman route esterifies methanol and 
acetic acid to methyl acetate and then carbonylated to 
acetic anhydride. 


¢) In Chevron process, methanol is converted to 
formaldehyde which reacts with CO and steam to form 
glycolic acid followed by esterification with methanol! 
and reduction to glycol. 


d) In Halcon process, methyl acetate formed in 
esterification of methanol and acetic acid is treated 
with syngas to derive ethylidene diacetate and it is 
subsequently cracked to acetic acid and vinyl acetate. 


e) Mobil/Ruhr Chemie/BASF's development is directed 
toward production of ethylene/propylene based on zsm-5 
zeolite catalyst. 


f) Shell/Ruhr Chemie and BP’ development is for 
homologation of methanol to ethanol which when 
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follows the conventional and established dehydration 
route can produce ethylene. 


£) Union carbide is reported to be working on direct 
synthesis of syngas for acetic acid and cthylene 
making. 


Economics of Coal Based Chemica! Piants 


In spite of coal being an indigenous raw material 
available in abundance in large part of the country and 
proven technologies ready for its conversion to high value 
products, the development of coal based chemical industry 
is still in its embryonic state and limited to two fertiliser 
plants at Talcher and Ramagundam in the country. 


Though there was a lot of promise exhibited in the late 
sixties and seventies for the growth and development of 
coal based fertiliser and chemical industry, the discoveries 
of oil and gas fields in late seventies have dampened the 
progress. However, in changed scenario of scarcity and 
price hike of petroleum crude oil and its derivatives, coal 
based energy policy can gain ground as a step of self- 
reliance. 


The main deterrents in the growth of coal based 
industry is the high capital related cost owing to capital 
intensive nature for its processing technology in spite 
of relatively low unit cost of energy. The upgrading of 
coal to high value products is associated with increasing 
order of loss of thermal efficiency. To secure the scale 
of economy, a coalplex requires a dedicated mine. It is 
also desirable from the point of view of close adherence 
to coal characteristics assumed for the design of gasifier 
operation. This is yet another advantage in locating the 
industry near pithead and avoiding movement of large 
volume of coal which otherwise entails high transportation 
cost besides putting considerable strain on the existing 
infrastructure of transport sector. 


Based on the data available towards the end of 20th 
century, the production economics (qualitative only) for 
manufacture of methanol and ammonia from coal and 
natural gas have heen calculated and presented in Tables 
3 and 4 respectively. Further, the effect of raw materials 
prices on the sale price of methanol and ammonia has 
heen presented in Tables 5 and 6 and illustrated in Figs. 
§ and 9 respectively. That was the picture available to 
us at the end of 20th century which may have undergune 


severe changes with the development of technologies such 
as SASOL process in South Africa, LURGI process of 
Germany. etc. 


If the price proportion of the previous century is taken 
into picture, the economy calculated on the current price 
will provide a better insight as per the example, the 
current sale price of coal and methanol produced from it 
are Rs. 161/Te and Rs. 34000/Te respectively. And, the sale 
price of natural gas and methanol produced from it are 
Re. 4500/1000 Nm? and Rs. 9500/Te approx. respectively. 
So, the sale price difference between both the production 
routes of methanol is like Rs. 24000/Te which is very 
steep when compared to only Rs.1000/Te in late 20's. 

This clearly explains the price rise in raw materials in all 
these years that influence the sale price of methanol. The 
current variation in the methanol price in India and other 
countries has been shown in Fig. 7. 
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fig. ? Current price trend of methanol 


Assumption 


1. Gr E Non~<oking coal with Ash 30". muisture 7.5“ and 
UHV-3725 Kcals/Kg. has been considered. 


2. Location: Pithead for coal bast and ajong gas pipeline 
for gas base. 
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Ex-factory pnce incuding Retum on investment 


3. Raw Material Cost: Coal Rs.161/te, Natural gas 
Rs. 2570/- per 1000 Nim3. 


4. Process: Texaco Slurry Coal gasification & HT 


reformation. 


5. If customs duty and sales tax on hardware is waived off 
in case of the ex-factory price, the sale price of methanol 
will reduce to Rs. 5400/te. 


er 
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Fig & Effoe* If tan. moter a! prret On Sie pace Of methang! 


Fig 9. Effect ofr: raw material prices on sale price of ammonia 


Justification of Coal Based Chemica! Industry in Eastern India 


Establishment of coalplex is justifiable on following 
counts: 


i. In the eastern region, natural gas is not available except 
some find in Tripura and Krishna Godavari basin of 
Andhra Pradesh. 


1. Utilisation pattern of natural gas and naphtha should 
be restricted to optimal usage. Various forms of 
petroleum derived energy sources should be limited 
and reserved for traditional use which cannot be met or 
substituted by any other forms of energy. 


111. Present evaluation of energy resources indicates that 


the natural gas and naphtha availability are not 
sufficient to plan future augmentation of capacities for 
fertiliser and petrochemical based industries. 


iv. Conversion energy efficiency for methanol and ammonia 


is around 55% and in such cases, utilisation of high cost 
natural gas/naphtha is not desirable. 


v. The prices of both coal and natural gas are likely to rise 


in future. The rise in coal price can be gradual keeping 
in view of its impact in other sectors of economy, But 

in case of natural gas and other petroleum products, 
the fluctuations would be more pronounced and are 
influenced hy international trade. Gas price is generally 
determined on opportunity cost basis for replacement 
of alternative feedstock and sometimes also on energy 
equivalent basis on cost of naphtha. Hence, in any 
unprecedented oil as witnessed on earlier occasion 

and steep price hike situation. unit cost of energy in 
petroleum originated hydrocarbon can be exorbitantly 
high in comparison to coal. In such circumstances, 
production economics of coal based chemicals 
intermediates is expected to be much favourable and 
attractive, Tables 5 and 6 give an idea of the effect of 
uniform escalation of price of coal and natural gas on 
methanol/ammonia. It works out that at 43% escalation 
of both natural gas and coal prices over the base price 
assumed, the sale price of methanol becomes identical in 
both caser at Rs. 61010/Te. The corresponding coal price 
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would be Rs. 230/Te and natural gas Rs. 3675/1000 Nm3. 
As a long-term national strategy, coal based chemical 
industries have considerable potential for realisation 

of socio-economic benefits. The industry being a labour 
intensive one to an extent may solve the unemployment 
problem both through direct and indirect employment 
procedures. 


vi. Precedents are there in our country where strategic 
decisions have been taken for development of core sector 
industries not only purely from economic angle but also 
national interest. As on illustration, power generation 
through atomic energy resources is associated with 
high incidence of capital and generation cost involving 
additional inherent risk factor. Notwithstanding, large 
sums of money are being spent to expand atomic power 
generation capacity. 


Conclusions 


In view of the fast depletion of oil and natural gas, the 
economy is badly affected which is further worsened by the 
absence of any significant discoveries to utilise the present 
resources. Complementing to this scene, the possibility 
of exploiting the fossil fuel energy in the form of coal also 
looks gloomy due to the absence of innovative technologies 
to produce value-added chemicals. Besides, there are 
also some already proven commercial technologies which 
have been continuing since long, and they are becoming 
a hindrance for the new innovations to prove success in 
the commercial levet, Hence, the need of the hour may be 
focused to implement favourable fiscal policies and fuel 
policies to stimulate the growth of coal based chemical 
industries in the state of Odisha. 


Looking at the prospective in terms of resource 
contents and fast growing infrastructure, Odisha can 
certainly take pioneering steps in welcoming a new era 
of industrialisation through the growth of coal based 
chemical industries. In attending this objective. both the 
state and the country can keep pace with the technological 
advancements taking place in western world countries that 
are industrially developed. So, Odisha should recognise 
this bold opportunity to initiate steps in the required 
direction and be geared up with the modern technology 
and expertise to serve an example to others in utilising 
the coal resource and developing the coal based chemical 
industries. 


In the past, based on our non-coking coal reserves at 
Talcher, a fertiliser plant which was the only one of its 
kind for production of urea and ammonia was installed. 
After successful operation for two decades, in 2002. this 
plant was closed due to the absence of suitable grade 
of non-coking coal at Talcher. Recently, the Central 
Government has already announced the revival of Talcher 
Fertiliser Plant with the required gasification technology 
compatible to the grade of coal available at Talcher. This 
will certainly open up many other possibilities due to the 
fact that the gasification plant will be the base for not 
only ammonia and urea production, but also provide other 
possibilities for the manufacture of various coal based 
chemicals. 
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My Association with Sri Biju Patnaik 
Former Chief Minister of Odisha for Industrialization of the State 


Dr. Ing. H P Mishra 
Ex-Chairman. IPICOL. Odisha 


In this competitive world, technological knowledge and innovation are 
considered as prime input. Biju Babu'’s dream for development of Odisha was 
based on these two most important aspects. My association with him dates back 
to the year 1955 when I returned back from West Germany after completing my 
Doctorate in Metallurgical Engineering from T.H Aachen. This was possible 
only because of my God Father Dr. Haribandhu Mohanty who was Industrial 
Adviser to the Government of Odisha. He helped me throughout my educational 
career. 1 was appointed in Germany to join Rourkela Steel Plant by Hindustan 
Steel Ltd. After returning from Germany, I was probably the one of the first 
Technical Officers entrusted with the responsibilities to look after the Chemical 
Units of the Steel Plant. After working for some time for Coke Oven Plant, I 
was asked to conceive a project based on the Coke Oven Gas from the Steel! 
Plant. Steel units were not developed and therefore we thought of putting a 
Fertiliser Plant based on the Coke Oven Gas. I was Officer- in - Charge of the 
Plant and implemented it primarily with German Collaboration. On the day of 
commissioning of the plant, Biju Babu as the Chief Minister of our state came 
along with German Dignitaries. After the commissioning of the plant, he asked 
our General Manager to find out a suitable person who can help him to put a 
Fertiliser Plant at Talcher based on Talcher Coal. Our General Manager 
recommended my name and I joined as Chief Executive Officer of Industrial 
Development Corporation of Orissa Ltd (IDCOL) in lien from Government of 
India. After that Biju Babu and I came in close contact with each other. I was 
primarily engaged for promotion of Talcher Fertiliser Plant for four years before 
shifting to Bokaro Steel Plant of the Government of India. 


After staying in Bokaro for nearly 4 years, Govt. of Odisha persuaded me to 
join the State Govt. as Managing Director, IDCOL. Thereafter, I remained in 
the State Govt. till 1984. During my stay for nearly 15 year in Odisha, I had 
very intimate connection with Biju Babu whether he is in power or not. I was a 
constant visitor of Naveen Nivas. He was a dreamer par excellence as regards 
development of Odisha was concerned and was incapable to think in a small 
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way. I am noting below some of my experiences during my tenure in the State 
Govt. Corporation. 


(1) When I joined as Chief Executive in Industrial Development Corporation, 
I had the occasion to go with him to Paradeep. Paradeep Port was 
initiated by him. He was thinking to join the port with the mining area of 
Tomka. Daitari. There was a problem of making a road from the Port to 
Mining Area mainly for export purpose. Chief Engineer of our State 
Govt. along with other concerned officers was in the meeting. He said 
while scanning the Odisha Map. there is no problem. He drew a straight 
line on the map from Paradeep to Daitari and said that the Express High 
Way must be designed accordingly. In Paradeep Port he was thinking of 
putting up a Steel Plant and I along with my team members were given 
the task in the year 1977 when he was the Union Steel & Mines Minister. 
We were almost to sign a contract with M/s Davy McKee. Suddenly the 
Central Ministry was changed and the New Government asked us to find 
out a suitable place within a radius of 100 km from Paradeep for putting 
up the Steel Plant. The contract set up for the purpose selected Kalinga 
Nagar as the possible site. I happened to be the Secretary of this 
Committee. Neelachal Ispat Nigam was promoted by IPICOL. 
Subsequently. IPICOL promoted the MESCO. VISA, Tata Steel Plant 
and many other units were located at Kalinga Nagar. At Paradeep, 
IPICOL promoted the Paradeep Phosphate Ltd. and IFCO Fertiliser Plant 
and Paradeep Refinery Unit. M/s POSCO from South Korea decided to 
locate a Mega Steel Plant at Paradeep but some petty political interest has 
not made it possible so far to ground it. 


(2) When IPICOL was formed, National Aluminium Company Ltd. was one 
of the first projects to be promoted. In this effort of mine, Biju Babu 
helped us a lot. He was the Union Minister of Steel & Mines of 
Government of India in 1977. IPICOL took a pioneering role in 
discovering Pattangi and Panchapattamali as the source of the Bauxite 
Mineral and conducted lots of tests in our National Laboratories. M/s 
MECON, Ranchi prepared the Project Report for 80, 000 TPA Alumina 
and 50. 000 TPA Aluminium production facilities. At that time, I was 
going to Delhi almost every fortnight to contact Biju Babu for the 
adoption of this project by Govt. of India. I had the good fortune to be a 
guest at lunch in his house at 3 Aurungzeb Road in New Delhi. Biju Babu 
wanted to increase the capacity of Alumina Plant to 2 lakh TPA and 
Aluminium Plant to 1 Lakh TPA. But the resource constraint especially 
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for the Power Plant at Angul did not make it possible. The plant is now 
one of the Navratna Company of the Govt. of India Public Sector Project. 


(3) Similarly the promotion of Indian Rare Earth Project was possible at 
Gopalpur by IPICOL with the help of Biju Babu. Biju Babu introduced 
me to Dr H.N. Sethna of Atomic Energy Commission. My friend 
Muralidhar, Managing Director of IRE included it as one of the Prime 
Projects of Atomic Energy Department of govt. of India. 


In my journey for the industrialization of my state, Biju Babu for me was the 
prime motivator. Kalinga Iron Work expansion, Ferro Chrome Project. Sewa 
Paper Mill at Jeypore, Odisha; Synthetic and IPIBEL Refractory at Dhenkanal. 
Sponge Iron Units at Keonjhar; Ferroalloy and Tyre Project at Balasore were 
promoted during my tenure in IPICOL due to the assistance provided to 
IPICOL. All this happened during the tenure of Biju Babu is Chief Minister of 
Odisha and Cabinet Minister in Govt. of India. My Journey & Dream of 
Industrial Renaissance of Odisha were realised due to the blessings, goodwill 
and strong will power of my Mentor and Hero Biju Babu. 


My personal connection with Biju Babu is like an elder brother to younger one. 
I cannot forget one incident in my life in 1979. Biju Babu as Steel Minister of 
the Govt. of India took a meeting regarding the industrial program in our state 
in 3” floor Conference Room of our Secretariat. Shri Nilamani Routray was our 
Chief Minister. He expressed his anger to each one of us present in the meeting. 
When my tum came, he asked me about the delay in grounding the projects like 
Ferro Vanadium & Ferro Nickel etc. I replied that these Project Works 
including Project Reports have been completed by IPICOL but my frend Shri 
Wahid Khan, Chairman, SAIL wanted to get it implemented in Central Sector 
under SAIL. He went through the correspondence and affectionately said you 
deserve a lunch with me. I was a constant visitor of Naveen Nivas and had 
lunch with him. 


In this advance age of 91, I still remember Biju Babu as one of the Prime Mover 
of Industrialization of our State. Biju Babu and myself jointly planned to 
develop Industrial Corridor connecting Paradeep. Kalinga Nagar, Keonjhar. 
Rourkela, Jharsuguda, Angul. Dhenkanal, Cuttack & Paradeep with Industrial 
Park adjacent to each Mega Steel Project to convert the Basic Metal to 
Technological Products with Value Addition & Employment Generation. We 
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chalked out the basic infrastructure for land, power. water etc. He was 
motivating me to help Odia Techno Entrepreneurs like Dr. Bansidhar Panda to 
be created and IPICOL to provide Venture Capital which will help them for 
equity participation. Although some progress has been made in this direction, it 
is time that Government must take conscientious decisions to implement 
projects like Ferro -Nickel, Ferro -Vanadium, and Alloy Steel like Aluminium, 
Silicon and Lithium Alloy. Real industrialization of our state can be measured 
how much of Basic Metal produced in our State is converted to Technological 
Products for National and International Market in our State. 


In conclusion I would tike to make the following observation:- 


Biju Babu’s association with me could not continue in the last phase of his 
Chief Ministership primarily because of his health condition and the technical 
team which he was able to build initially could not be retained due to various 
reasons. He was a man of bold personality with deep human touch. He was not 
very much involved in Seminars or Lectures. He believes in Practical Action 
in the Ground Level and the Developmental Projects whether in Industry, 
Agriculture, Imrigation etc. should be completed in time and must reach to the 
poorest of poor people to mitigate their suffering under peculiar circumstances. 
When he was not in power, against his advice, I was asked to retire in 1984 as 1 
reached superannuation age. But at this phase of my life, I strongly feel that 
some of the Prime Mineral based Projects like Ferro-Nickel, Ferro-Vanadium 
are required to be grounded soon to convert our Waste to Wealth for which 
personally I have spent lot of my Professional Time with his motivation. 


In the evening hours of my life, I pray to the almighty to bless our state with 
such leaders in Political and Technological fields who can ground our dream of 
Industrialization and create Steel Corridor in near future to provide value for 
our God gifted Natural Resources. This will be best tribute to Sri Biju Patnaik, 
the Pioneer for the Development of our State. For him the Development of our 
State was of Prime Importance and to my knowledge he was never fond of so 
called Political Power or Power to Personal Future. 
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ଅଦି ଏର * 
es 


Harish Rawat 


oS 3 
ABW LiL IAL 
ssh 
MINISTER OF STATE 
AGRICULTURE, FOOD PROCESSING INDUSTRIES 


& PARLIAMENTARY AFFAIRS 
GOVERNMENT OF INDIA 


3 August 2012 
Dear Dr. Mishra Ji, 


Please accept my sincere thanks for the two books you 
presented me at Bhubaneswar on 31 July 2012. The books are 
indeed informative and will be immensely useful for planners, policy 
makers, academics and entrepreneurs. 


| highly appreciate your painstaking efforts and wish you good 
health and happiness. 


Yours sincerely, 


Dr. Haraprasanna Mishra 
222/1 Shashtri Nagar 
Unit-IV 

Bhubaneswar 

751001 

Odisha 


ROOM NO 321, KRISH! BHAWAN, NEW DELH! - 110 001 55, PARLIAMENT HOUSE. NEW DELHI 110 001 
TEL (011) 23381341, 23071149 TELE/FAX(011) 2338 6631 TEL. (011) 23010895 25034638 FAX {O11} 23C 11324 
E-mait : hrawat.haridwar @ gmail.com 
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avan BHAVAN'S CENTRE FOR 
COMMUNICATION & MANAGEMENT 


DR. S.K. TAMOTIA 
8 E. {Hons}. ME (Soii}, O Engg. (Hon; 


FIE, FISTD, FAIMA, FIIM. MICWA, MIPM. MIChE, MIME. MICA Bharatiya Vidya Bhavan, Shubaneswar Kend:a 
Dean cum Olrector General & Vice Chairman 9, Kharavela Nagar, Bhubaneswar - 751 00. 
Former DOuweclor, Vedanta Resources Pic. London Tel/Fax - 0674 - 2530428, Te! 0674 - 2535727 (©' 
Prosident & Chiof Executive Officer. INDAL Tel. : 0674 - 2552888 (R). 9937011356 (M} 
President. Aditya Aluminium, HINDALCO E-mail . bvb.mba.bbsr@gmas com 


Chairman-cum-Managing D:reclor. NALCO Web ' www bvbbhubaneswa: org 


Date: 31.10.2012 


en Br: Mare 


Your book “Technical Excellence of Odisha Industrialization” Is in hand. ! am thankful to you 
for your generosity and thoughtful! gesture. 


1 have glanced through the Book. it is an excellent effort by you in documenting your 
experience and knowledge with the Industry in Odisha over a long period of your keen involvement. 
Articles In the book covers a wide variety of minerals and subjects ranging from efficient processing 
of minerals to utilization of waste, recovery of strategic minerals and technological up gradation. 


This is a very useful guide to the Industry and researchers. | congratulate you for your efforts 
and for providing continuous guidance. 


] wish you many more active years so that we could continue to be benefited with your 
advise. 


With Best regards, Hz 
g er 


| Ln ™ boi 


(Dr. S.K.Tamotia) 


Or. H.P.Mishra, FIE 
222/1, Shastri Nagar 
Unit = iV 
Bhubaneswar - 751001 


CENTRE FOR COMMUNICATION AND MANAGEMENT, BHUBANESWAR 
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PS lar କି ¢ “ . 7 * * 

f= Jada National Academy of Lugineering 

i ag; 

Lt 6” Floor, Vishwakarma Bhawan, IIT Campus, Shaheed Jeet Singh Marg, New Delhi 110016 
Spe Tele: (91)-11-26582635, Fax: (91}-11-26856635, Email: inaehq@inae.org 

Dr. BatDev RAJ, FTWAS, FNAE, FNA, FASc, FNASc President, PSG Institutions 


: New Administrative Block, Peelamadu 
President Coimbatore-641 004 {Tamil Nadu) 


President, International institute of Welding Er 

H f | “mail ; baldev.dr@gmail.com 
on. Member, International Comittee on NDT drbaldev@psgorgin 

Hon. Member, Indian Institute of Metals 

Member, German Academy of Sciences, Academia NDT International 


25 june, 2012 


Dear Prof. H P Mishra, 


| thank you immensely for sending a copy of the book titled ‘Technological Excellence of ODISHA 


industrialisation’. { appreciate your remembering me and sending me the book. 


| wish you and your family members the very best. 1 look forward to the opportunity of meeting you, at 


the earliest possibility. 

Yours sincerely 
To: 
Prof. H P Mishra 


222/1, Shastri Nagar, Unit-IV, 
Bhubaneswar — 751 001, 
Orissa. 


Pe 
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ORISSA ENGINEERING COLLEGE 


% 
Affiliated to BIJU PATNAIK UNIVERSITY OF TECHNOLOGY, 25413540 (01 
z Approved by AICTE Telephone { 6 
” Nabaijyoti Vihar, Nijigarh Kurki, PO - Harirajpur, (0674) 2544133 (0) 
Jatani, Bhubaneswar - 752050 (Odisha) 2542990 (Fax) 


Adm. Office : 36-A, Sahid Nagar, Bhubaneswar - 751 007 06758 - 239700 (0) 
E-mail : principal@oec.ac.in / E-mai! : registrar@oec.ac.in 06758-239723 (Fax) 
Website : www.oec.ac.in 


Ret. QL /P/6CF{ 2012. Date.Qf/!0/2ot2 


LETTER OF APPRECIATION 


I am happy to learn that Dr. H.P. Mishra, ore of the eminent 
technocrats of Odisha could translate his powerful ideas, plans and execution 
of various projects on utilization of mineral and material resources in a sing!e 
volume entitted “Technological Excellence of Odisha Industrialization”. 
This volume is a compilation of technica: articies published and presented over 
the years various National and International fore. Dr. Mishra has conducted 
many pilot experiments in his humble and sincere journey through the Mineral 
and Materials Worid with a special reference to technotogical investigation of 
Odisha. An exhaustive literature together with experimental findings have 
been documented in this compendium. Hopefully, this volume shall cater tc 
the needs of students, faculty, police makers, 2ntrepreneurs and cthers 
working in the domain of technological and industriaiizetion revolution Oi 
minerals and materials. 


Orissa Engineering College, Bhubaneswar places on record its deep 
appreciation for the donation of a book entitied “Technological Excelience 
of Odisha Industrialisation” by Dr. Haraprasanna Mishra, F.LE., 
Ex-Chairman, IPICOL, 222/11, Shastri Nagar, Unit-IV, Bhubaneswar-751001. 


ad 
po 


Principal 
Crissa Engir:eering College 
Bhubaneswar 
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SOCIETY OF GEOSCIENTISTS AND ALLIED TECHNOLOGISTS 


(Registered under the Societies Registration Act, XX1 of 1860) 
Registration No. PR-388-175 of 1981-82 


Dr. S.K. Sarangi Plot No. ND/12 (Part) 
President IRC Village, Nayapalli, 
Bhubaneswar — 71015, 
Odishz, lodia 
Mob:+91 9937023134 


E-mail: dks6 2 @xahoo.in 
Date: 28.08.2012 


Dr. H.P. Mishra, F.L.E 
222/1, Shastri Nagar 
Bhubaneswar — 751 001 


Dear Sir, 


You are aware of the fact that SGAT has introduced a new membership as “Fellow” wherein 
a member having minimum 10 years of experience can become a “Fellow”. 


The Executive Council is pleased to elevate your membership to “‘Fellow™” as a respect to your 
dedicated contribution to the growth of the Society. 


You are requested to write FSGAT as a suffix to your name. 
Thanking you 


With regards 


~ 


(Dr. S.K. Sarangi) 
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mt 
ଏ କା Shroff EXCEL INDUSTRIES LIMITED 
hairman & Managing Director 184-87, Swami Vivekanand Road, 


Jogeshwari (W), Mumbai - 400 102. 
Tel.: +91 22 2678 2944 * Fax : +91 22 2678 3732 
E-mail : ashwin.shroff@excelind.com 


26 July 2012 
Dear Dr. Misraj! 
Greetings! 


First of all, let ine express my gratitude to you for sending the book “Vislon on 
Industrialization for Odishe State” cu-authored by vou. 


Z enjoyed going through the book. You have made an In-depth study of *nhe mineral 
resources especizi!y prospects of Titanlum and fron ores based industry of the 
Odisha state, current and past Industrial scenario of the state and need of the 
State Govt. to enact approsrizte pianining for ite future srovwth. 


Your thoughts on improving the infrastructure quality arid need of proper sranning 
kave come out very weil. 


You have rightly stressed unon the need of humzn resources with adequate 
technological expertise to harness the vast mineral resources of the state as also 
need of proper planning and efforts in making professionals as entreprenetrs. 


This master piece making 2 comprenensive coverage of Industry scenario wilt help 
the Gow. as wel! as industriziists 2rd entrepreneurs to bring Ocishe on higher 


FC 


ee CV EGS 


DCSsides the con:prenensivs anc in Ceotl! coverage of the subject matter, the lucid 
stvle of writing will make the book intsresting rezaf!ng. 


My heartiest compliments to you for penning this woniderfu! book. 
Werm Recards 
Ahn Shp 
Ashwin Shroff 
Dr. Eng. HP Wisra 
Ex-Chairman, TPICOL 
222/31, Shastri Nagar 
Unit-IV, &hubaneshwer - 751901 


odishae 
Cell : +91 9338555725 


re 
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ଝା ffs 


(୩୩ ୪୩୯୩୮୪ ୫୮ ୪୩୩୨) 


fr କୁ ଅଙହaୀ MECON LIMITED 


MIS-TE-Ma Pay {A GOVERNMENT OF INDIA ENTERPRISE} 
Me wh / RANCHI - 834002, Hears / JHARKHAND, wired / INDIA 
eam wre. / TEL. OFF. 0651-2482209, 2482216 
KK: . MEHROTRA Tere, ars / TEL. RES. 0851-2410822 
PnO9g = rear ra / FAX : 0651-2482401, 2482194, 2482189 


te / EMAIL :cmd@meconlimited.co.in 
Frere / Website : http:/hrww.mecontimited.co.In 


July 19, 2012 


Dear Dr. Misra, 


Thank you very much for your letter of 13® instant. 1 greatly 
appreciate receiving a copy of book “Technological Excellence of 
Odisha Industrialization” authored by you. The book contains valuable 
and interesting information and I have sent the book to our Technical 
Information Centre for reference by our engineers. 


Compilation of this nature will serve to immensely strengthen 
the knowledge-base and I am sure that this publication will serve as a 
source of vital information not only to industries, institutions and 
students but also to entrepreneurs planning to set up industries in 
Odisha. Your efforts put in for bringing out such a wealth of 
information are laudable and I compliment you for this. 


With best regards, 


Yours sincerely, 


ନ lo 


Dr. Eng. H.P. Misra, 
222/1, Shastri Nagar, 
Unit-IV, 

Bhubaneswar 751 001 
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M. N. DASTUR & COMPANY (P) LTD. 
CONSULTING ENGINEERS 
P-17 MISSION ROW EXTENSION 
KOLKATA - 700 013, INDIA 


PHONE {+91-33) 2225-5420 & 2226 0500 13th August 20 1 2 
FAX 491 - - 
ର ee 5:5389A 


Dr. Eng. H.P. Mishra 

222/11, Shastri Nagar 

Unit-IV 

Bhubaneswar 751 001 


Dear Dr Mishra, 


I am in receipt of your letter of 22nd June 2012 enclosing 
the book titled “Technological Excellence of ଠOdisha 
Industrialization. 1 could not reply to your letter earlier as I was 
travelling most of June-July 2012. 


I have briefly gone through the book and find it contains 
valuable information borne out of your long association with the 
industrial development and progress of Odisha. As desired by 
you, the book will be preserved in our Library, and I! am sure 
this book will definitely be useful for our engineers. 


With warm regards, 


Yours sincerely, 


po PAN 


RMD:mvu R.M. Dastur 
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CSIR-NML 
fa | National 
argo | Metallurgical ) 
garTsiieT | Laboratory S055” ce 


(amir aur ha Hj Reg) (Council of Scientific & Industrial Research} 
umALgT ~ 831 007, Ht | Jamshedpur - 831 007, INDIA 


sf. Cu. Gd, weet, 5.6.0. 


3 No.NML/D/7.20 
Dr. S. Srikanth, FNAE, FNASc July 13, 2012 
Director 


Dear Dr. Misra, 


Thank you very much for sending me the book “Technological Excellence of 
ODISHA Industrialisation” At the outset, | wish to say that you put up a 
phenomenal effort to bring out this compilation. | will go through this book 


in leisure and let you know my comments on this book. 


With warm personal regards, 


Yours sincerely, 


Pot Aon 
(S. Srikanth) 


Dr. Eng. H.P. Misra 
222/1, Shastri Nagar 
Unit-IV 

Bhubaneswar 751 001 


THE /Phone : (0657) 2345202 / 2345028 (CO), 2223864 (R). BFA /Fax (0657) 2345213 
§-A0 /e-mail * director@nmiindia.org / ssrikanth@nmlindia.org. /Webstte . waw.nmlindia.org 
Worktung Days : Monday to Fnday (09.15 am - 05.45 pm) 
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ରୀ 


TATA 


H M Nerurkar 
Managing Director 


January 5, 2012 
Dear Dr Misra 
| sincerely thank you for your New Year Greetings, which | heartily 


reciprocate. 


With best wishes t9 you and your family. 


Warm regards, 


AANA 


+ 


net 


H M Nerurkar 


Dr H P Misra 

222/1 Shastri Nagar 
Unit IV 
Bhubaneswar 


YATA STEEL LIMITED 
Jamshedpur 83% 001 india 
Te! 91 657 2424602 2145625 Fax 91 657 2431818 e-mail hmnerurkar@tatasteel.com 
Registered Office Bombay House 24 Homi Mody Street Mumbai 400 001 
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୍କା୨ 
TATA 


H M Nerurkar 
Managing Director 


January 5, 2012 
Dear Dr Misra 
1 sincerely thank you for your New Year Greetings, which | heartily 


reciprocate. 


With best wishes t9 you and your family. 


Warm regards, 


AANA 


ee 


H M Nerurkar 


Dr H P Misra 

222/1 Shastri Nagar 
Unit IV 
Bhubaneswar 


TATA STEEL LIMITED 
Jamshedpur 831 001 india 
Tel 91 657 2424602 2145625 Fax 91 657 2431618 e-mail hmnerurkareatatasteel.com 
Registered Office Bombay House 24 Homi Mody Street Mumbai 400 001 
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ରୀ 


TATA 


Or Amit Chatterjee 
Advisor 16 the Managing Director 


30 Oct 08 


Dear Dr Misra. 


In response to your letter of 27.10.08. 1 was happy to see that the Munograph edited by 
you and your colleagues on Nicke! in Orissa. was released in the Golden Jubilee function 
of The Institute of Engineers (Orissa Chapter) where you were also feticitated. 


You have always pursued the subject of nickel extraction trom Sukind: COB with a Jot 
of passion. but unfortunately. nothing has huppened so tur. Because of the very low 
nickel content. unless there is a technology breakthrough. it is unlikeiy that the COB by 
itself can ever be used for extracting nickel. OF course. it can form a blend with richer 
ores. 


Congratulations nonetheless on the release of the Nickel Monograph. 
Best wishes. 


Yours sincerely. 


kc {e- OY 


6 -(e 
Amit chattetes 


Dr HP Misra 

2227/1. Shastri Nagar 
Unit-IV 

Bhubaneswar — 731} 001. 


TATA STEEL LiMITED 
Jamshedpur 831 001 India 
Tel 91 657? 2427393 Fax 91 657 2427393 e@€-mai! amn.chatiersec €tatasi el coun: 
HKegistered Office Bombay House 24 Hom: Mody Street Mumba: 455 00} 


313 


Digitized by srujanika@gmail.com 
F. 1 é 


Strategy for Development of Mineral Based Industries in Odisha 


ରତ 


TATA 


Dr. Ing. H P Misra, F.I.E. 
2227/1, Shastri nagar, 
Unit dV 


Bhubaneswar 751 001 B Muthuraman 
Vice Chairman 


11 June, 2012 


Dear Pr. Nesra : 


Many thanks for your letter of 22 May, 2012 enclosing your recent book, “Technological 
Exceltence of Odisha Industrialisation” and the bio-data of your grandson, Sadananda Acharya. 


1 have glanced through your book. 1 will read it in details later over the weekend. | cannot think 
of a more appropriate person to talk about or write about the industria! history of Odisha. You 
have had a rich and varied experience in several areas involving metallurgy and engineering 
that your thoughts and words undoubtedly carry huge credibility. 


Regarding your grandson, | will ask Tata Steel and TCS to examine his bio-data and take 
appropriate action. 


It is always a pleasure to get a communication from you and interact with you. Next time |! am in 
Bhubaneswar, we will try to meet each other. 


With warm regards, 


mdi 


B Muthuraman 


TATA STEEL LIMITED 


Bombay House 24 Hom: Mody Street fort Mumba: 400 001 Indu 
Te! 9) 22 6665 7499 6665 B11 Fax 9) 226665 8118 
¢-imal muthyuraman@tatastiee! com 
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CSIR-Institute of Minerals and Materials Technology 
Bhubaneswar-754013, Odisha, India 
Fax: 91-674-2567160 
Telephone : +91-674-2567126, +91-674-237-9401 
www.immt.res.in 


